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Serial 
Communication 
Controllers (SCC) 


Introduction 


AMD offers a complete line of Data Communications products 
which allow CPU hosts to communicate with peripherals using 
various industry standard protocols. AMD’s Data Communica- 
tions product family includes Small Computer System Interface 


(SCSI) Controllers, Serial Communications Controllers (SCC), 


Combination devices containing both SCC and SCSI blocks, and 
Interface Line Drivers and Receivers. 


The Am53C94 and Am53C96 High Performance SCSI Controllers | 


‘(HPSC) are plug-in replacements for the industry standard 53C94 

and 53C96, respectively. The HPSC has a flexible three bus 
architecture. It has a 16 bit DMA interface, an 8 bit host data 
interface and an 8 bit SCSI data interface. The HPSC is designed 
to minimize host intervention by implementing common SCSI 
sequences in hardware. An on-chip state machine reduces pro- 
tocol overheads by performing the required sequences in re- 
sponse to asingle command from the host. Many SCSI-2 features 
are supported including Selection, Reselection, and Disconnec- 
tion commands, which are directly supported. 


Due to a popular move towards SCSI, AMD has second-sourced 
Western Digital's 33C93A second generation SCSI controller, 
enhancing it by fabricating the device on a submicron CMOS 
process technology. The 33C93A is the only second sourced 
SCSI controller in this category, allowing peripheral and host 
system manufacturers to build state-of-the-art systems, at low 
cost, while taking advantage of the 33C93A’s 5MByte/second 
synchronous transfer rate. 


The 53C80A first generation SCSI device has been improved by 
AMD with the addition of enhanced ESD protection and with 
proprietary “glitch eating” circuitry on the SCSI bus inputs, which 
increases the reliability of systems by filtering out noise Con the 
SCSI bus due to inadequate termination and high current swings. 
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Small Computer 
System Interface 
~~ (SCSI) 


The Am8530H is the first generation of the serial communication 
controller family. It is designed for the use with the 8- and 16-bit 
microprocessors. The SCC is dual-channel and can be software 
configured to satisfy a wide variety of serial communication ap- 
plications. 


The Am85C30 ESCC is a high performance version of the indus- 


_ try-standard 8530 architecture. AMD's version incorporates en- 


hancements which make CPU interfacing much easier, reducing 
software overhead, and increasing performance. As a result, the 
Am85C30 has become an industry standard serial interface on 
engineering workstations and many other high performance 
platforms. 


The next generation of the SCC family is the Am85C230A. The 
Enhanced Serial Communication Controller with Loca!Talk sup- 
port. The Am85C230A is not only plug compatible to Z85230, it is 
a functional superset with LocalTalk enhancements; 4 deep 
transmit FIFO extension (total of 8 bytes), sleep mode, quieter Rx 
and Tx clock inputs, die revision information and ready signal to 
reflect write recovery time.. 


The Am85C80 Combination SCSI/SCC Controller is a unique 
device which incorporates an Am85C30 SCC and an Am53C80A 
SCSIONONE CHIP. This integration allows designers using both 
of these I/O functions to save valuable board space, power 
consumption, and manufacturing cost. Additionally, due to its fully- 
static CMOS design, the Am85C80 may be "put to sleep” when 
used with battery-powered systems, allowing a power consump- 
tion reduction of over 2000X, as compared with using two separate 
components. 


_ AMD is the industry’s leading supplier of standard interface de- 


vices including transmission line receivers, line drivers and 
backplane tranceivers. 
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Am8530H 
Am85C30 
Am85C230A* 


Combination 


Device SCSI 





Am53C80A 
Am33C93A 
Am53C94* 
Am53C96* 
Am53CF94* 
Am53CF96* 


Am85C80 





Transmission Transmission Transceiver 
Line Drivers Line Receivers (Backplane) 
Am26LS29 Am26LS32 Am26LS38 
Am26LS30 Am26LS32B 
Am26LS31 Am26LS33 
Am26LS34 


Part Number Description Part Number Description 


Serial Communication Controllers 


Am8530H Serial Communication Controller 

Am85C30 Enhanced Serial Communication Controller 

Am85C230A* ‘Enhanced Serial Communication Controller 
with LocalTalk Support 

Interface 


Transmission Drivers 


Quad RS-423 Line Driver 


Am26LS29 
Am26LS30 Quad RS-422/423 Driver 
Am26LS31 Quad RS-422 Line Driver 


Transmission Line Receivers 


Am26LS32 Quad RS-422 Line Receiver 
Am26LS32B Quad RS-422/423 Line Receiver 
Am26LS33 Quad High Vcm Line Receiver 
Am26LS34 Quad Party Line Receiver 


Transceiver (Backplane) 


Am26LS38 Quad Differential Backplane Transceiver 





* In development 


Combination SCSI/SCC 

Am85C80 CMOS SCSI/SCC Combo Chip 
scsi 

Am53C80A CMOS SCSI Interface Controller 


(NCR Alternate Source) 


Am33C93A Enhanced CMOS SCSI Bus Interface 
Controller (Western Digital Second Source) 

Am53C94* High Performance CMOS SCSI Controller 

: (Single-Ended; NCR Alternate Source) 

Am53C96* High Performance CMOS SCS! Controller 
(Single-Ended and Differential; NCR 
Alternate Source) 

Am53CF94* CMOS Fast SCSI-2 Chip (Emulex FAS216 
Alternate Source; NCR Alternate Source) 

Am53CF96* CMOS Fast SCSI-2 Chip (Emulex FAS236 


Alternate Source; NCR Alternate Source) 
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cl AMD Small Computer System Interface (SCSI) Controllers 


Am33C93A 


Enhanced SCSI-Bus Interface Controller 


DISTINCTIVE CHARACTERISTICS 


# Implements full SCSI bus features: arbitration, 
disconnect, reconnect, parity generation/checking 
on both data ports, soft reset, and synchronous 
data transfers 

M@ Synchronous offset selectable from 1 to 12 bytes, 
with selectable transfer period up to 5 Mbytes/s 

H Compatible with most microprocessors through an 
8-bit data bus; supports both multiplexed and non- 
multiplexed address/data bus systems. Host bus 
data parity checking and generation is an eptienal 
feature 

™@ Can be used as a host adapter (SCSI Initiator) or 
peripheral adapter (SCSI Target) 

@ Data transfer options include programmed I/O, 
single-byte DMA, burst (multibyte) DMA, or direct 
bus access (DBA Bus) transfers 


GENERAL DESCRIPTION 


~The Am33C93A is a MOS/VLS! device implemented in 
Advanced Micro Devices’ CMOS process. It operates 
from a single 5-Volt supply and is available in either a 
44-pin chip carrier or a 40-pin dual-in-line package. All 
inputs and outputs are TTL compatible. — 


The Am33C93A is intended for use in systems which 
interface to the Small Computer System Interface 
(SCSI) Bus. The Am33C93A can operate in both the 
initiator (typically, a host computer system) and the 
target (typically, a peripheral device) SCS! bus roles. 


When used in the host system, the Am33C93A inter- 
faces to both the host bus and the SCSI bus. To perform 
a SCSI operation, the host processor issues a com- 
mand to the Am33C93A to select the desired Target. 
The Am33C93A then arbitrates for the SCS! bus and 
selects the peripheral unit. If it fails to get the bus 
because of a device with higher priority, it continues 
trying and notifies the host when it has succeeded by 
generating an interrupt. At this point, the Am33C93A is 
operating in the initiator role. When the peripheral re- 
quests a SCSI command from the host, the Am33C93A 
receives the request and generates another interrupt to 
the host. The host responds to this interrupt by issuing a 
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Hi Includes 48-mA drivers for direct connection to the 
SCSI bus 


24 bit transfer counter 

Programmable timeout for selection and reselection 
“Combination” commands greatly reduce interrupt- 
handling responsibilities 

@ Special “Translate Address” command performs the 
Logical- to-Physical address translation 

Single +5 V supply 

Available in 44-pin chip carrier or 40-pin DIP 

Low power CMOS design 


“Transfer Info” command and supplying SCS! com- 
mand bytes to the Am33C93A. The Am33C93A trans- 
fers the SCSI command to the peripheral, and then 
waits for the next bus phase request. This process 
continues until all SCSI information including data, 
status, and messages have been transferred. 


The Am33C93A also offers high-level Select-and- 
Transfer commands which eliminate the interrupt han- 
dling otherwise required between each SCS! bus 
phase. 


When the Am33C93A is used in a peripheral system, 
the Am33C93A will operate primarily in a Target role. It 
interfaces with a local processor and the SCSI bus in 
this environment just as it does when used as a host 
adapter. The Target-role command set enables the 
Am33C93A to request each SCSI bus phase individu- 
ally or to sequence the SCSI bus phases automatically 
through the use of combination commands. 


The Am33C93A has an internal microcontroller, a regis- 
ter task file, and SCSI interface logic. This architecture 
supports both tight control of the protocol for non- 
standard SCSI implementations, as well as a hands- 
free mode for standard SCSI applications. 
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CONNECTION DIAGRAMS 
44-PIN CHIP CARRIER 
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DRQ []9 SD6 
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Note: Pins in parentheses are for test purposes only, and should be left unconnected for normal chip operation. 


40-PIN DIP 


‘VCC 
REQ 
ACK 
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MR 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid combination) 
is formed by a combination of: 


AM33C93A —-20 J oC 


EE OPTIONAL PROCESSING 


Blank = Standard processing 







TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 

P= 40-Pin Plastic DIP (PD 040) 

J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 


SPEED OPTION 
-16 =16 MHz 
-20 =20 MHz 





DEVICE NUMBER/DESCRIPTION 
Am33C93A 


-_ Valid Combinations 
Valid Combinations list configurations planned to be supported in volume for this 
device. Consult the local AMD sales office to confirm availability of specific valid 
combinations, to check on newly released combinations. 


Valid Combinations 


AM33C93A-16 
JC, PC 
AM33C93A-20 
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PIN DESCRIPTIONS 


Processor/DMA Interface 


Name 


DRO 
(DRQ) 


D7-Do 
DP 


vO 


VO 


vo 


vo 


_ vO 


vO 
vO 


SCSI Interface 


vo 


ie) 


vO 


ie) 


vO 


vO 


Function 


8-20 MHz square wave clock. 


Reset is an active-low input which forces the Am33C98A into an idle state. All SCSI signals are 
forced to the negated state. 


Interrupt Request to external microprocessor indicates a command completion/termination or a 
need to service the SCSI interface. Reading the SCSI STATUS register clears this bit. 


Read Enable is an active-low input which is used with CS to read a register or with DACK to access 
the DATA register in DMA mode. In DBA Bus mode, it is used as an output to read data from a 
sector buffer. (TRI-STATE) 


Write Enable is an active-low input which is used with CS to write a register or with DACK to access 
the DATA register in DMA mode. In DBA Bus mode, it is used as an output to write data to a sector 
buffer. (TRI-STATE) 


Chip Select is an active-low input which qualifies RE and WE when accessing a register. This sig- 
nal must be inactive during a DMA cycle (DACK active in DMA and Burst DMA mode, or DRQ 
active in DBA Bus mode). 


Address pin AO is used to access the internal registers for non-multiplexed address/data busses 
(i.e. the ALE pin is grounded). The address of the desired register is loaded into the ADDRESS 
register during a write cycle with AO=0. The selected register is then accessed when A0=1. 


Address Latch Enable is used for multiplexed address/data busses to load the address of the 
desired Am33C93A register from the data bus. If indirect addressing is to be used, the ALE pin 
should be grounded. See the description of the ADDRESS register for a complete discussion of 
direct and indirect addressing. 


DMA acknowledge input used for interfacing to an external DMA controller (e.g. 8237). When 
DACK is low, all bus transfers are to/from the DATA register regardless of the contents of the 
ADDRESS register. In DBA Bus mode, this pin functions as a RAM chip select output to allow the 
Am33C93A to access a sector buffer. RE and WE are outputs when RCS (RAM Chip Select) is 
active. Since this pin can be an open drain: output, a pullup resistor may be required when 
operating in DBA Bus mode. ; 


Data request is an output when interfacing to an external DMA controller, and an input when in 
DBA Bus mode. When used with an external DMA controller, DRQ and DACK form the handshake 
for the data-byte transfers. In Burst mode, DRQ remains low as long as there is data to transfer. In 
DBA Bus mode, the Am33C93A performs burst transfers while DRQ is high, and when DRQ is low, 
data transfers are inhibited, RCS is false, and the RE and WE outputs are disabled. Since this pin 
can be an open drain output, a pullup resistor may be required when operating in DMA or Burst 
mode, — 


' Processor data bus. 


Data Parity, used only for checking/generating parity during data transfers. 
Function . 


ATN is an output.in the initiator role and an input in the target role. It is used to indicate the 
ATTENTION condition. ; 


ACK is an output in the initiator role and an input in the target role. It is used to indicate an 
acknowledgement for a REQ/ACK data transfer handshake. 


MSG is an input in the initiator role and an output in the target role. It is asserted during a 
MESSAGE phase. 


C/D is an input in the initiator role and an output in the target role. It is used to indicate whether 
CONTROL or DATA information is on the SCSI data bus. 


REQ is an input in the initiator role and an output in the target role. It indicates a request for a REQ/ 
ACK data transfer. 
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SCSI Interface (Cont.) 


Name Vo Function . 
Oo vO 1/0 is an input in the initiator role and an output in the target role. It controls the direction of data 
movement on the SCSI data bus with respect to an Initiator. 
SD0-SD7 VO SCSI data bus. 
SDP isi” SCSI data bus parity signal. 
BSY VO _BSY is asserted when the Am33C93A is attempting to arbitrate for the SCSI bus or when 
connected as a Target. 
SEL yO. SEL is asserted when the Am33C93< is attempting to select or reselect another SCSI device. 


Note: All pins have open-drain output drivers. 


Am33C93A:-REGISTERS 


Register Map 
: Address 
AO R/W Register Accessed (HEX) 
0 2 an AUXILIARY STATUS REGISTER _ XX 
0 Ww , ADDRESS REGISTER XX 
1 R/W OWN ID REGISTER . /CDB SIZE 00 
Al RW... ~~ ~ = CONTROL REGISTER 01 
1 R/W , _ TIMEOUT PERIOD REGISTER 02 
1 R/W TOTAL SECTORS REGISTER /CDB 1ST 03 
1 R/W TOTAL HEADS REGISTER /CDB 2ND 04 
1 R/W TOTAL CYLINDERS REGISTER (MSB) /CDB’ 3RD 05 
1 R/W TOTAL CYLINDERS REGISTER (LSB) ° ° /CDB 4TH 06 
1 R/W LOGICAL ADDRESS (MSB) /CDB 5TH 07 
1 R/W LOGICAL ADDRESS (2ND) ' /CDB 6TH 08 
1 RW - * LOGICAL ADDRESS (3RD) /CDB 7TH 09 
1 R/W LOGICAL ADDRESS (LSB) /CDB 8TH OA 
1 R/W SECTOR NUMBER REGISTER /CDB 9TH 0B 
i R/W HEAD NUMBER REGISTER /CDB 10TH 0c 
1 R/W CYLINDER NUMBER (MSB) REGISTER /CDB 11TH oD 
1 R/W CYLINDER NUMBER (LSB) REGISTER /CDB 12TH OE 
1 RW TARGET LUN REGISTER OF 
1 RW COMMAND PHASE REGISTER 10 
1 R/W SYNCHRONOUS TRANSFER REGISTER 11 
1 R/W TRANSFER COUNT REGISTER (MSB) 12 
1 R/W TRANSFER COUNT REGISTER (2ND BYTE) 13 
1 R/W TRANSFER COUNT REGISTER (LSB) 14 
1 RW DESTINATION ID REGISTER - “15 
1 R/W SOURCE ID REGISTER . 16 
La “Ro ¢ SCSI STATUS x 17 
1 R/W COMMAND REGISTER 18 
1 R/W DATAREGISTER 19 
1 R - AUXILIARY STATUS (DIRECT ADDRESSING MODE) 2 





Notes: 1. All unused bits of a defined register are reserved and must be zero. 


Reading an undefined or unavailable register results in an all-ones data bus output. 


® 


Register addresses are determined by the ADDRESS register bits AR7 through ARO. 


4.. When using a multiplexed address/data bus with ALE, the AO pin is ignored and the ADDRESS register is loaded 
with ALE. In this mode, the AUXILIARY STATUS register is mapped at hex 1F. 


5. See Page 14 fora description of how reset affects the internal registers. 
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amp & 
Register Descriptions 


AUXILIARY STATUS REGISTER 
(Address Hex 1F) 


The AUXILIARY STATUS register is a read-only register STATUS register may be accessed at any time, except 
which contains general status information not directly during DMA accesses (DACK asserted in DMA/Burst 
associated with the interrupt condition. The AUXILIARY mode or DRQ asserted in DBA bus mode). 


7 0 
int | ci {esy|cip| o | o | PE [oBR] 





DATA BUFFER READY 
PARITY ERROR 
Not Used 
Not Used 
COMMAND IN PROGRESS BUSY 
LAST COMMAND 
IGNORED 
INTERRUPT PENDING 
11853-004A 


Bit Name . Description 


0 DBR DATA BUFFER READY is used during programmed I/O to indicate to the processor whether 
or not the DATA register is available for reading or writing. During Send or Transfer 
commands which transmit data over the SCSI bus, the DBR bit is set when the Am33C93A 
is ready to take a byte from the host; the bit is reset when the processor writes the byte to the 
DATA register. During Receive or Transfer commands which receive data over the SCSI 
bus, the DBR is set when a byte is received; it is reset when the processor reads the byte 
from the DATA register. 


1 PE PARITY ERROR status indicates that even parity was detected on a data byte received 
during an information transfer. Parity is checked on data received from the host bus during 
transfers out to the SCSI bus and is checked on data received from the SCSI bus during 
transfers out to the host bus. Detection of a parity error will set the PE status bit regardless of 
the state of the HHP or HSP bits in the CONTROL register. The PE bit is cleared when a new 
command is issued. 


4 CIP COMMAND IN PROGRESS, when set, indicates that the Am33C93A is interpreting the last 
: command entered into the COMMAND register and therefore this register is unavailable. 
When this bit is reset, a command may be written to the COMMAND register. 


5 BSY BUSY indicates that a Level Il command is currently executing and therefore only the 
COMMAND register (when CIP = 0), the DATA register, and the AUXILIARY STATUS 
register are accessible by the host. A Level Il command may not be written to the 
COMMAND register when this bit is one. 


6 LCI LAST COMMAND IGNORED indicates that a command was issued by the host just prior to 
or concurrent with a pending interrupt, and therefore the command will be ignored. 
7 INT . INTERRUPT PENDING indicates that the INTRQ pin is asserted. The host should read the 


. SCSI STATUS register to clear INTRQ prior to issuing any commands. 
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ADDRESS REGISTER 

(Address XX Hex) 

The ADDRESS register is a write-only register which 
contains the address of the register to be accessed. 
Registers in the Am33C93A May be accessed in one of 
two ways: 


* Direct addressing (multiplexed address/data bus- 
ses). In direct addressing, the falling edge of the 


ALE signal is used to latch the address into the. 


ADDRESS register. The AO pin should be con- 
nected to ground when using this method. The ALE 
is typically then followed by the CS and WE or RE 
signals that access the selected register. Also, in 
direct addressing, the AUXILIARY STATUS regis- 
ter is located at address 1F hex. 


Indirect addressing (separate address/data bus- 
ses). In indirect addressing, the register access is 
performed in two separate cycles. This method is 
enabled by attaching ALE to ground. First, the 
ADDRESS register is loaded by performing a write 
of the desired address to the Am33C93A (WE and 
cs asserted) with AO=0. Then the register is ac- 
cessed by asserting CS and WE or RE, with A0=1. 
Also, following every access with A0=1, the AD- 
DRESS register. will automatically increment. to 
point at the next register, with the exception of the 
following locations: AUXILIARY STATUS register, 
DATA register, and the COMMAND register. In 
indirect addressing, the AUXILIARY STATUS 


registeris accessed by performing a read (CS and - 


- RE asserted) with A0=0. 


| Own ID/CDB Size Register 





0 
rst Tro] 2 [ee be 6 T bo 


OWN ID/CDB SIZE REGISTER 

(Address 00 Hex) 

The OWN ID/CDB SIZE register, in its first mode, con- 
tains both the encoded ID of the Am33C93A on the 
SCSI bus and several contro! bits that are used to 
initially configure the device during the “Reset” 
command. These bits control ‘advanced feature’ 
selection, host bus parity enable, and selection of the 
divisor for the input clock. In its second mode (when 
advanced features are enabled, see p.16), this register 
is used during the combination commands to specify 
the SCSI CDB size if the command group is unknown to 
the Am33C93A. 


In the first mode, this register (as defined below) is 
sampled and becomes effective only after a “Reset” 
command is issued to the device. This register must be 
initialized, and a “Reset” command must then be is- 
sued, following a hardware reset to set the SCS! bus ID, 
the clock divisor, and the operating modes before any 
other commands are issued. ; 


Jn the second mode, bits 3-0 of this register are used 


during the Select-and-Transfer and Wait-for-Select 
commands: to specify the SCS! Command Descriptor 
Block size if it is not a group 0, group 1, or group 5 
command. This mode is enabled only when advanced 
features are enabled (see p.16). 


ID bit 0 

ID bit 1 

ID bit 2 

Enable Advanced Features 
Enable Host Parity 

Not Used : 
FREQUENCY SELECT 0 
FREQUENCY SELECT 1 
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Description | 





Bit Name 

0-2 IDn SCSI ID Bits 0-2 set the SCSI bus ID number that the Am33C93A will use during arbitration 
and selection. 

3 EAF ENABLE ADVANCED FEATURES, when set to one, causes the Am33C93A to enable 
certain advanced features (see Page 16). When this bit is zero, those features are disabled. 

4 EHP ENABLE HOST PARITY, when set to one, enables odd parity checking on the host bus; the 
PE bit in the AUXILIARY STATUS register will indicate parity errors detected on the host 
bus, and the HHP bit in the CONTROL register will be used. When this bit is zero, no 
checking is performed on the host bus; the PE bit is not set when a parity error is detected on 
the host bus, and the HHP bit must be set to zero. NOTE: Parity is always generated on the 
host data parity bit (DP), regardless of the state of this bit. 
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Bit Name 
6-7 FSn 
CONTROL REGISTER 


(Address 01 Hex) 
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Description 


FREQUENCY SELECT 0-1 select the divisor that is applied to the input clock. The resulting 
clock is used for data transfer timing and for SCSI bus arbitration timing. The table below 
shows input clock frequency ranges and the corresponding divisors. The correct divisor for 
the input clock must be used, or SCSI bus timing specifications may not be met. 








INPUT CLOCK 
FREQUENCY RESULTING 
(MHZ) FS1 FSO DIVISOR 
8-10 0 0 2 
12-15 0 1 3 
16-20 1 0 4 
XX_ 1 1 Undefined 


Note that an 11 MHZ clock rate should not be used, as the 
resulting SCS! bus clear delay may violate SCS! specifications. 
The formula for computing the maximum SCSI data transfer rate 
is: 

Input Clock Fequency 


Maximum SCSI Transfer Rate = {Mbyte/sec] 


Clock Divisior 


The CONTROL register is used to enable/disable certain functions, such as response to parity errors and the SCSI 
attention condition, interrupt handling, and data transfer modes. 


Bit 





Name 
HSP 


HA 


IDI 


7 0 
|DM2]DMi[DMo]HHP| EDI IDI | HA | HSP| 





HALT on SCSI PARITY ERROR 

HALT on ATTENTION 

INTERMEDIATE DISCONNECT INT 
ENDING DISCONNECT INTERRUPT 
HALT on HOST PARITY ERROR . 

DMA Mode Select bit 0 

DMA Mode Select bit 1 

DMA Mode Select bit 2 11853-006A 


Description 


The HALT on SCSI PARITY ERROR bit enables the Am33C93A to immediately terminate a 
Receive or Transfer command if a parity error is detected on an incoming SCSI data byte. In 
the Initiator role, termination due to a SCSI parity error causes the ACK pin to be left in the 
active state in order to inhibit any additional data transfers (REQs) by the Target; this 
facilitates error handling with the Target. Synchronous data transfers check parity every 
4096 bytes, or at the end of the remaining transfer count, whichever is less. Asynchronous 
transfers check parity on every byte. 


The HALT on ATTENTION bit (in Target mode only) enables the Am33C93< to terminate a 
Send or Receive command if the ATN input is asserted. This normally indicates that the 
Initiator detected a parity error while receiving data from the Am33C93A. The ATN input is 
tested before the start of a data transfer, every 4096 bytes if the transfer count is greater than 
4096, and after the end of the transfer. These rules apply to both synchronous and 
asynchronous transfers. 


The INTERMEDIATE DISCONNECT INTERRUPT bit, when set, enables the Am33C93A to 
generate an 85H interrupt and complete a Select-and-Transfer command if the Target 
disconnects according to the defined SCS! protocol. When this bit is reset, no interrupt is 
generated by a valid disconnect. This feature, when used with the Resume Select-and- 
Transfer command, provides support for overlapped SCSI operations. IDI is also used to 
select execution options in Target mode Combination commands that serve to reduce host 
system overhead. (Refer to COMMANDS, p.15 for more details.) 
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Bit Name Description 

3 EDI When the ENDING DISCONNECT INTERRUPT bit is set, the 16H interrupt which normally 
follows the COMMAND COMPLETE message during the execution of a Select-and-Transfer 
command will be suppressed until the Target disconnects from the SCS! bus. EDI is also 
used in the Target mode Combination commands to enable chaining between those 
commands, resulting i in reduced host system overhead. Refer to COMMANDS p.15 for more 
details. 

4 HHP The HALT on HOST PARITY ERROR bit enables the Am33C93A to immediately terminate 
a Send or Transfer command if a parity error is detected on an incoming host data byte. Host 
parity errors are checked according to the rules for checking SCSI parity errors. However, a 
halt on a host parity error will not hold the ACK signal asserted when an error occurs. Host 
parity checking is performed at the same intervals as SCSI parity checking. 

5-7 DMx DMA MODE SELECT bits 2-0 are used to select the DMA mode of operation, which 
describes the host bus transfer mode used during Data In or Data Out phases. The following 
table describes the different DMA modes, and the state of these bits to select them: 

DM2 = DM1 DMO DMA Mode Selected 

0 0 0 POLLED MODE, or no DMA enabled. All data phase transfers are 
performed by polling for DBR in the AUXILIARY STATUS register, and 
then writing (reading) the data to (from) the DATA register. 

0 0 1 BURST MODE selects a demand-mode DMA interface. In this mode, 
the DRQ signal will be active as long as there is data/space in the 
internal FIFO to allow the transfer to continue. The DMA controller 
responds by asserting DACK and RE/WE as long as DRO is active. 

0 1 0 DBA BUS MODE is selected when the Am33C93A is connected to a 
DBA Bus. This mode also can be called Direct Buffer Access (DBA) 
mode. In this mode, the Am33C93A acts as a bus master, and all data 
access signals reverse their direction: The DRQ output signal becomes 
the DRQ input, which enables the Am33C93A to drive the buffer bus 
control signals. The DACK output signal becomes the RCS input, which 
is asserted as a chip select for the buffer. The RE and WE inputs become 
outputs which drive the read and write functions of the RAM buffer. As 
long as the DRQ signal is asserted, transfers will continue in a burst 
manner, until the transfer is complete or it decides to pause the transfer 
by negating the DRQ signal; one more transfer may occur after this 
transition, and then the DACK, RE, and WE signals are negated. 

1 0 0 DMA MODE is selected when the Am33C939A is to be used with a DMA 
controller in single-byte transfer mode. In this mode, DRQ is asserted 
and then negated, and the DMA controller responds by asserting DACK 
and WE or RE, for each data byte transferred to/from the Am33C93A. 

TIMEOUT PERIOD REGISTER The constant ‘80’ scales the units of the equation, as is 


(Address 02 Hex) 

The TIMEOUT PERIOD register is an 8-bit register 
containing a preset value which determines the timeout 
period for Select and Reselect commands. This value 
may be calculated as a function of the input clock fre- 
quency and the desired timeout period, as shown in the 
following equation: 


Tper  Ficlk 


register value = 
80 


Where: 


Tper = The desired timeout period in milliseconds; 


Ficlk = The input clock frequency at the CLK pin in . 


MHz (with no divisor applied). 


based on the internal timeout cycle time. The user 
should round the resulting ‘register value’ up to the next 
integral value to ensure that the user’s minimum timeout 
requirement is met. 


The timeout period specifies how long the Am33C93A 
will wait for a response (indicated by assertion of the 
BSY signal) after it has begun the selection phase (as- 
sert SEL and negate BSY) before terminating the com- 
mand. The timeout function can be disabled by loading 
the TIMEOUT PERIOD register with zero. 


NOTE: The following twelve registers are used exclusively by 
the Translate Address and/or “combination” com- 
mands. The function of each register is determined by 
the type of command issued. 





1-12 Am33C93A 


TOTAL SECTORS REGISTER/CDB 1ST BYTE 
(Address 03 Hex) 

Translate Address: The TOTAL SECTORS register 
should be set to the total number of sectors per track 
prior to issuing a Translate Address command. 


Select-and-Transfer: This register should be loaded 
with the first byte of the COMMAND DESCRIPTOR 
BLOCK before issuing a Select-and-Transfer com- 
mand. 


Wait-for-Select-and-Receive: The AM33C93A will store 
the first byte of the received CDB in this register. 


TOTAL HEADS REGISTER/CDB 2ND BYTE 
(Address 04 Hex) 

Translate Address: This register holds the total number 
of heads during a Translate Address command. 


Select-and-Transfer: This register should be loaded 
with the second byte of the CDB before issuing a 
Select-and-Transfer command. 


Wait-for-Select-and-Receive: The Am33C93A will store 
the second byte of the received CDB in this register. 


TOTAL CYLINDERS REGISTER/CDB 3RD AND 4TH 
BYTES ; 

(Address 05, 06 Hex) 

Translate Address: This is a 16-bit register which holds 
the total number of cylinders. 


Select-and-Transfer: This register should be loaded 
with the third and fourth bytes of the CDB before issuing 
a Select-and-Transfer command. 


Wait-for-Select-and-Receive: The Am33C93A will store 
the third and fourth bytes of the received CDB in this 
register. 


LOGICAL ADDRESS REGISTER/CDB 5TH-8TH 
BYTES 

(Address 06, 07, 08, 09, OA Hex) 

Translate Address: The LOGICAL ADDRESS register 
is a 32-bit register which should be loaded with the 
logical address to be translated prior to issuing the 
Translate Address command. 


Select-and-Transfer: For six byte CDBs, only the first 
two bytes of this register are loaded with the fifth and 
sixth bytes of the CDB. For ten and twelve byte CDBs, 
this register is loaded with the fifth, sixth, seventh, and 
eighth bytes of the CDB. 


Wait-for-Select-and-Receive: The Am33C93A will store 
the fifth, sixth, seventh (if any), and eighth (if any) bytes 
of the received CDB in this register. 


SECTOR NUMBER REGISTER/CDB 9TH BYTE 
(Address 0B Hex) 


Translate Address: This register will contain the 
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resulting sector number following a Translate Address 
commana. . 


Select-and-Transfer: This register should be loaded 
with the ninth byte of a ten or twelve byte CDB before 
issuing a Select-and-Transfer command. 


Wait-for-Select-and-Receive: The Am33C93A will store — 
the ninth byte of a ten or twelve byte received CDB in 
this register. 


HEAD NUMBER REGISTER/CDB 10TH BYTE 
(Address OC Hex) 

Translate Address: The HEAD NUMBER register con- 
tains the resulting head number following a Translate 
Address command. If automatic compensation for 
spare sectors on a disk is to be performed by the 
Am33C93A, then the number of spare sectors per cylin- 
der must be written into this register before issuing the 
Translate Address command. It should be noted that 
when compensation is used, the maximum number of 
cylinders allowed is 4096, and the maximum number of 
heads is 15. An initial value of zero in this register 
indicates that no compensation is to be performed. 


Select-and-Transfer: This register should be loaded 
with the tenth byte of a ten or twelve byte CDB before 
issuing a Select-and-Transfer command. 


Wait-for-Select-and-Receive: The Am33C93A will store 
the tenth byte of a ten or twelve byte received CDB in 
this register. 


CYLINDER NUMBER REGISTER/CDB 11TH AND 
12TH BYTES 

(Address OD, OE Hex) 

Translate Address: The CYLINDER NUMBER register 
is a 16-bit register which contains the resulting cylinder 
number following execution of the Translate Address 
command. When a Translate Address command involv- 
ing automatic compensation for spare sectors is issued 
(i.e. the HEAD NUMBER register initially contains a 
nonzero value), then this register must be loaded with 
total number of sectors per cylinder (total sectors/track » 
total heads — total spare sectors/cyl) before issuing the 
command. 


Select-and-Transfer: This register should be loaded 
with the eleventh and twelfth bytes of a twelve byte CDB 
before issuing a Select-and-Transfer command. 


Wait-for-Select-and-Receive: The Am33C93A will store 
the eleventh and twelfth bytes of a twelve byte received 
CDB in this register. 


Send-Status-and-Command-Complete: The CDB11 
register is used to specify the returned status byte to be 
sent during a Send-Status-and-Command-Complete 
command. The CDB12 register is used to determine the 
type of Command-Complete message sent by the 
Am33C93A. If bit 0 of the CDB12 register is set to one, 
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then a linked Command Complete message will be sent 
during command execution. In this case, bit 1 of the 
CDB12 register is used as a FLAG bit to determine 
whether a OA hex (FLAG=0) or a OB hex (FLAG=1) 
Linked Command Complete message is sent. If bit 0 is 
zero, then a simple Command complete message (00 
hex) is sent. 


TARGET LUN REGISTER 

(Address OF Hex) 

The TARGET LUN register is used to hold both the 
Logical Unit Number (LUN) and Target status informa- 
tion during various Am33C93A commands and 
sequences. During a Select-and-Transfer or Reselect- 
and-Transfer command, the contents of this register 
(along with the SOURCE ID register) are used to 
generate and check the IDENTIFY messages trans- 
ferred across the SCS! bus. In addition, the TARGET 
LUN register is used to hold the Target Status byte 
received during a Select-and-Transfer command. 


During Wait-for-Select-and-Receive commands, this 
register may hold the image of the Identify message 
received from the Initiator. If the TLV bit is zero, there 
was no Identify message received. If the TLV bit is one, 
then a valid Identify message was received. The DOK 
bit will then indicate whether of not the Initiator has 
enabled disconnects. 


During Reselect-and-Transfer commands, this register 
is used to set the LUN to be used in the Identify mes- 
sage sent to the Initiator after Selection phase. The TLV 
and DOK bits are not used. 


7 0 
TLV [DOK]o}o}o} TL2 | TL1 | TLo | 





TARGET LUN bit 0 
TARGET LUN bit 1 
TARGET LUN bit 2 
Not Used 

Not Used 

Not Used 
Disconnects OK 
TARGET LUN Valid 
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In advanced mode, during Select-and-Transfer com- 
mands, this register is used to handle reselection by an 
unexpected Target. In this case, this register will hold 
the logical unit number of the reselecting target. The 
TLV and DOK bits will be zero. 


COMMAND PHASE REGISTER 
(Address 10 Hex) 


The COMMAND PHASE register is used during combi- 
nation commands to indicate which phases of these 


TD : 0 
fo] GP] crs] cPa] cra] cr2] cP [cPO| 















Command Phase bit 0 
Command Phase bit 1 
Command Phase bit 2 
Command Phase bit 3 
Command Phase bit 4 
Command Phase bit 5 
Command Phase bit 6 
Not Used 
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multi-phase commands have been completed. Thus, if 
the command has terminated abnormally, the proces- 
sor can read this register to determine the cause of the 
termination and how to respond to it. This register is 
also used to resume combination commands by loading 
this register with a value that indicates the next desired 
or expected bus phase, and reissuing the command. 
Refer to the description of the specific commands for 
details regarding the various command phases and 
resume values. 


SYNCHRONOUS TRANSFER REGISTER 

(Address 11 Hex) 

The SYNCHRONOUS TRANSFER register is used to 
select between synchronous and asynchronous trans- 
fers, and is also used to define the maximum transfer 
rate. For information phases other than a “data” transfer 
phase, or when the selected offset is zero 
(OF3=OF2=OF1=OF0=0), asynchronous transfers will 
occur. Values greater than zero define a synchronous 
transfer mode and the offset is determined as shown 
below. This offset determines the effective FIFO depth 
for synchronous data transfers, and is typically deter- 
mined by negotiation with the other SCSI device (as 


- defined in the SCSI standard). The Transfer Period 


control bits select the minimum transfer period for both 
synchronous and asynchronous SCSI transfers and, if 
DBA Bus mode is used, the transfer period and the 
width of the RE/WE strobes for host transfers. The pe- 
riod is defined in terms of the internal clock cycle time; 
the frequency of this clock is determined by the divisor 
selected in the OWN ID register. 


7 ie) 
lo] ta] Tt] 7Po [ors] ore [ OF’ [Oro 













OFFSET bit 0 

OFFSET bit 1 

OFFSET bit 2 

OFFSET bit 3 
TRANSFER PER. bit 0 
TRANSFER PER. bit 1 
TRANSFER PER. bit 2 
Not Used 
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Bit Name Description 

0-3 OFX . The OFFSET bits are used to select the desired offset according to the following: 
3 2 $1 0 Selected Offset 
0 oO 0 0 0 (=Asynchronous data phase transfers) 
0 0 0 1 4 , 
0 Q 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 Oo. 1 9 
1 0 1 0 10 
1 0 1 1 11 
1 1 0 0 12 
1 1 #0 1 Undefined 
1 241 1 X Undefined 

4-6 TPx The TRANSFER PERIOD bits are used to select the desired transfer period according to the 


following table: 





SCSI - DBA Bus (SCSI REQ/ACK Synchronous Pulse Width 
6 5 4 Transfer Period and DBA Bus RE/WE Pulse Width) 
0° 0 xX 8 cycles (4 cycles) 
0 1 0 ane (aq " ) 
0 1 1 3" Cite Se 
1 0 860 4" (2 " ) 
1 0 1 5 * 3 " +) 
4 1 0 6 " (4 " ) 
“4 1 1 (4 " )° 


The ‘cycle’ referred to above is the period of the internal data transfer clock after the divisor chosen in the OWN ID register is 


applied, This period is calculated by the following formula: 


TRANSFER COUNT REGISTER 

(Address 12, 13, 14 Hex) 

The TRANSFER COUNT register is a 24-bit register 
containing a preset value for the internal transfer 
counter. This preset value is loaded into the internal 
transfer counter when a Send, Receive, or Transfer 
command is issued. This counter is used to define 
command completion by decrementing as each data 
byte is transferred over the SCSI bus and causing a 
“successful completion” interrupt when the counter 
reaches zero. In Combination commands, this register 


CYCLE = 


DIVISOR (from OWN ID) 


ouvir stip HS MONaneICaU ne eet SU EmEETIS (1T-1-"e) 
2+ INPUT CLOCK FREQUENCY (MHz) 


Send, Receive, or Transfer command will be completed 


- when a single byte has been transferred. 


specifies the number of bytes to be transferred during a _ 


Data phase. 


The counter function can be disabled by loading the 


TRANSFER COUNT register with zeros prior to. 


issuing a command or by setting the SINGLE-BYTE 
TRANSFER bit in the COMMAND register concurrent 


with issuing the command. If the counter is disabled, the - 
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After the completion of any successful transfer, the 
TRANSFER COUNT register will be zero. This includes 
commands issued in Single Byte Transfer mode. 


When a transfer is interrupted by a halt on error condi- 
tion, a SCS! bus phase change, or an abort, the 
TRANSFER COUNT register will contain the number of 


_bytes NOT successfully transferred to/from the SCSI 


bus, including any bytes left in the FIFO (see DATA 
register). This FIFO clearing process may cause the 
TRANSFER COUNT register to differ with the user’s 
DMA controller count, because some bytes may have 
been transferred into the FIFO, but not to the SCSI bus; 
therefore, the TRANSFER COUNT should be used to 
determine the actual number of bytes transferred to/ 


from the SCSI bus. 
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DESTINATION ID REGISTER 

(Address 15 Hex) : 

The DESTINATION ID register contains the encode issued. This register also contains control bits that affect 
SCSI bus ID of the device which is to be selected or _ the operation of certain combination commands. 
reselected when a Reselect or Select command is 


7 0 
iscc|ppo] o | o | 0 | dla} dit | Dio | 





DESTINATION ID bit 0 
DESTINATION ID bit 1 
DESTINATION ID bit 2 
Not Used 
Not Used 


Not Used 
DATA PHASE DIRECTION 
SELECT COMMAND CHAIN 11853-010A 


Bit Name —_ Description 


6 DPD DATA PHASE DIRECTION, when advanced features are enabled (see p.14), is used to 
specify the expected direction of the SCSI data phase, when it occurs. This allows the 
Am33C93A to verify the direction during Select-and-Transfer commands before beginning 
the transfer. When this bit is zero, the expected direction is out (to the Target). When this bit 
is one, the expected direction is in (from the Target). An unexpected information phase error 
will occur if the direction does not match the setting of this bit. 


7 SCC SELECT COMMAND CHAIN is used only when the Reselect-and-Transfer command is 
issued with EDl=1. This bit selects which command is chained to when the data transfer is 
completed. When this bit is zero, a Send-Status-and-Command-Complete command begins 

executing. When this bit is one, a Send-Disconnect-Message command begins executing. 


SOURCE ID REGISTER 
(Address 16 Hex) 


The SOURCE ID register is used to report the SCSI bus ID of the device that has selected or reselected the 


Am33CQ93A. It also contains bits that enable and control response to selection and reselection. 
Y 7 0 


}ER | es |DsP] o | siv} siz] sit | Sio| 








SOURCE ID bit 0 (read only) 
SOURCE ID bit 1 (read only 
SOURCE ID bit 2 (read only 
SOURCE ID VALID (read only) 
Not Used 


DESABLE SEL./RESEL. PARITY 
ENABLE SELECTION 
ENABLE RESELECTION 11853-011A 
Bit Name Description 
7 ER ENABLE RESELECTION, when set to one, enables the Am33C93A to respond to a 
reselection by another device on the SCSI bus. When this bit is zero, any reselection is 
ignored. 
6 ES ENABLE SELECTION, when set to one, enables the Am33C93A to respond to a selection 
by another device on the SCS! bus. When this bit is zero, any selection is ignored. 
5 DSP DISABLE SELECT PARITY, when set to one, causes the Am33C93A to ignore the bus 


parity when responding to selection or reselection. When this bit is zero, any selection or 
reselection with a parity error is ignored. 


3 SIV SOURCE ID VALID is set to one after the Am33C93A is selected or reselected if the other 
SCS! bus device asserted its own bus ID bit (in addition to the bus ID bit of the Am33C93A) 
during the select/reselect phase. This bit is zero if only the bus ID bit of the Am33C93A was 
asserted. 


2-0 SIx SOURCE ID Bits 2-0 are valid only if the SIV bit is set to one. These bits indicate the SCSI 
bus ID of the device that selected or reselected the Am33C93A. 
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SCSI STATUS REGISTER 

(Address 17 Hex) 

The SCSI STATUS register is a read-only register 
which indicated the cause of the most recent INTRQ 
assertion. INTRQ is asserted whenever a condition 
occurs within the Am33C93A that requires intervention 
by the host; for example: 





Bit Name 
0-3 SSx 

(4-7) status bit is set. 
4-7 SSx 


defined in the following table: 
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* The Am33C93A has been reset; 

* The command completed successfully; 
* The bus phase changed; 

* An error occurred. 


Once INTRQ has been asserted, the contents of this 
register will not change until after the SCSI STATUS 
register has been read or until the Am33C93A has been 
reset. 





SCSI STATUS bit 0 
SCSI STATUS bit 1 
SCSI STATUS bit 2 
SCSI STATUS bit 3 
SCSI STATUS bit 4 
SCSI STATUS bit 5 
SCSI STATUS bit 6 
SCSI STATUS bit 7 11853-0124 


Description 


SCSI STATUS bits 0-3 are status qualifiers whose meaning depends upon which upper 


SCSI STATUS bits 4—7 define the type of interrupt that occurred. The possible codes are 


Group Meaning 


The Am33C93,A is in a reset state. 

A Am33C93A command has completed successfully. 

A Am33C93A command has paused or was aborted by an Abort command. 
A Am33C93A command has been terminated prematurely due to an error or 


other unexpected condition. 


Status Code oe 
0000 XXXX 
0001 XXXX 
0010 XXXX 
0100 XXXX 
1000 XXXX_ 


All other Status Code groups are currently not used and 
are reserved for future use. 


In the following tables, the ‘STATE’ column indicates 
the current state in which the Status Code can occur. 
Also, the MCI field refers to the signals that define a 
SCSI bus information transfer phase: MSG, C/D, and 
I/O. A bit set to one indicates that the signal is asserted 
on the SCSI bus. A zero indicates negation. Whenever 
one of these Status Codes occurs, the REQ signal is 
asserted on the SCSI bus. The table below summarizes 
the meaning of the MCI field: 
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An event on the SCSI bus requires service. 





MCI CODE MEANING 
000 Data Out phase 
001 Data In phase 
010 Command phase 
011 Status phase 
100 Unspecified Info Out phase 
101 - Unspecified Info In phase 
110 Message Out phase 
1114 Message In phase 


at AMD 


Status 
0000 


- 0000 


Status 
0001 


0001 
0001 
0001 


0001 


0001 
0001 
‘0001 
0001 


Status 
0010 


0010 


0010 
- 0010 
0010 


0010 
0010 
0010 


0010 


Code 
0000 


0001 


Code 
0000 


0001 
0010 
0014 


0100 


0101 
0110 
0111 
1MCI 


Code 
0000 


0001 


0010 
0011 
0100 


0101 
0110 
0111 


1MCl 


* D = Disconnected 
T = Connected as a Target 
1 = Connected as an Initiator 


State* 
DTI 


DTI 


State* 


DT 


DT 


State* 
J 


| AAO 


oD |. 


Reset State Interrupts 
. Specific Meaning 


Am33C9A3 Reset. The device has been reset, or a Reset command has executed 
successfully with no advanced features enabled. The new state of the Am33C93A j is 
disconnected. 

Am33C93A Reset. The device hae Sibeesctully eeripletee a Reset command with 


’ advanced features enabled. The new state of the Am33C93A is disconnected. 


' Successful Completion Interrupts 
Specific Meaning 


A Reselect command completed successfully. The new state of the Am33C93A is 
connected as a Target. 

A Select command completed successfully. The new state of the Am33C93A is 
connected as an Initiator. 

Reserved for future use. 

A Receive, Send, Reselect-and-Transfer, Wait-for-Select-and-Receive, Send-Status- 
and-Command-Complete, or a Send-Disconnect- Message command completed suc- 
cessfully (ATN is not asserted). 

A Receive, Send;. Reselect-and-Transfer, Wait-for-Select-and- Receive, Send-Status- 
and-Command-Complete, or a. Send-Disconnect-Message command completed 
successfully (ATN is asserted). 

A Translate Address command completed successfully. 

A Select-and-Transfer command completed successfully. 

Reserved for future use. 

A Transfer (non-MESSAGE IN phase) command completed successfully. MCI defines the 
new information type (SCSI bus phase) being requested. 


‘ Paused or Aborted Interrupts 
‘Specific Meaning 


A Transfer.Info (MESSAGE-IN phase) command has paused with ACK asserted. This 
allows the host to examine the message before accepting it. 

A Save-Data-Pointer message was received during a Select-and-Transfer command. The 
host should save its current data buffer pointer. 


~ .A Select or Reselect command was aborted. 


A Receive or Send command has halted by an error or was aborted (ATN is is not asserted). 
A Receive or Send command has fale by an error or by assertion of AIN or was aborted 
(ATN is asserted). 

Reserved for future use. 

Reserved for future use. 

The Am33C93A has been reselected during a 1 Select- sndctransien (with IDI=0) by a 
Target that does not match the SCSI bus ID loaded into the DESTINATION ID register or 
the following Identify message did not match the LUN loaded into the TARGET LUN 
register. ACK has been left asserted following the Identify. message, and the bus ID and 
LUN of the reselecting Target are available in the SOURCE ID and TARGET. LUN 
registers. 

A Transfer command was aborted. MCI define the new information type (SCSI bus phase) 
being requested. 
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Terminated Interrupts 
Specific Meaning 


An invalid command was issued. 

An unexpected disconnect (SCSI bus free) by the Target caused a command to terminate. 
The new state of the Am33C93A is disconnected. 

A timeout occurred during a Select or Reselect command. The state of the Am33C93A is 
disconnected. 

A parity error caused a command to terminate (ATN is not asserted). The transfer direction 
determines whether it is a SCSI or host parity error. 

A parity error caused a command to terminate (ATN is asserted). The transfer direction 
determines whether it is a SCSI or host parity error. 

The Logical Address exceeded the disk boundaries. 

A Target whose SCSI bus device ID does not match the bus ID set in the DESTINATION ID 
register has reselected the Am33C93A during a Select-and-Transfer command (with IDi=0). 
This interrupt occurs when the Am33C93A is not in Advanced Mode. The new state of the 
Am33C93A is connected as an Initiator. 

An incorrect status byte was received during a Select-and-Transfer command. 

An unexpected information phase was requested. MCI define the SCSI bus phase which is 
requested. This is typically caused by a phase change before the Transfer Count has 
reached zero or by an unexpected phase sequence occurring during a Select-and- Transfer 
command. 


Service Required Interrupts 
Specific Meaning 


The Am33C93A has been reselected. The new state of the Am33C93A is connected as an 
Initiator. No Identify message transfer has yet occurred. 

The Am33C93A has been reselected in Advanced Mode. The SCSI bus ID of the ee 
may be read from the SOURCE ID register. The Identify message from the Target may be 
read from the DATA register. The ACK signal is left asserted. The new state of the 
Am33C93A is connected as an Initiator. 

The Am33C93A has been selected (ATN was not asserted). The new state of the 
Am33C93A is connected as a Target. __ 

The Am33C93A has been selected (ATN was asserted). The new state of the Am33C93A is 
connected as a Target. 

The ATN signal has been asserted. 

A disconnect has occurred. The new state of the Am33C93A is disconnected. 

Reserved for future use. 

The Wait-for-Select-and-Receive command. has paused because the first byte of the 
incoming CDB is not a known command group. The OWN ID register must be loaded with 
the CDB length, and the command resumed. The CDB1 register may be examined to 
determine the SCSI command group from the opcode. The new state of the Am33C93A is 
connected as a Target. (Advanced Mode only) 

The REQ signal has been asserted following connection or when the Am33C93<A is in the 
Initiator state and no command is executing. The information phase type should be exam- 
ined. MCI define the information phase (SCSI bus phase) which is being requested. 
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COMMAND REGISTER 

(Address 18 Hex) 

The COMMAND register is used to issue the 
. AM33C93A commands. This register should never be 
loaded when the CIP or INT bits (in 
AUXILIARYSTATUS) are set to one, and a Level Il 
command should never be loaded when the BSY bit is 
set to one. 


The SINGLE-BYTE TRANSFER (SBT) bit in the 
COMMAND register is only used during information 
transfer type commands. When this bit is set in 

2 . 





DATA REGISTER 

(Address 19 Hex) 

The DATA register is used to transfer data bytes be- 
tween the host and the SCSI bus during the SCSI 
information transfer phases (command, data, status, or 
message phase). It may be accessed by the processor 
during any type of information phase (simple Level II 
commands) or via the DMA/DBA Bus interface during a 
SCS! Data In phase or Data Out phase (simple and 
combination Level I! commands). 


The DATA register is actually a port for the host inter- 
face into the internal twelve byte FIFO of the 
Am33C93A. The FIFO is used for all transfers 
(synchronous and asynchronous) between the SCSI 
bus and the host bus, for both DMA and processor 
access transfers. If the Am33C93A is to be halted for 
any reason (through ABORT, for example), then data 
transfers with this FIFO must continue until an interrupt 
occurs. This must be done so that the FIFO is returned 
to a ready state for subsequent transfers, and to flush 
incoming data to the host bus. 


The DATA register is accessed by the processor during 
a data phase when the CONTROL register DMA mode 
select bits are all reset (=0), and when the DBR bit inthe 
AUXILIARY STATUS register is true. The processor 
writes (reads) the DATA register by loading the 
ADDRESS register with a hex value of 19 and asserting 
the WE (RE) and CS pins. This access also occurs dur- 
ing non-data phases. 


When the CONTROL register DMA mode select bits are 
set for DMA mode or BURST mode, the DMA interface 
is enabled. In this case, the DATA register is written 
(read) when the DACK and WE (RE) pins are asserted 
in response to the assertion by the Am33C93A of the 
DRQ pin. When the DBA Bus is selected by the DMA 
mode select bits, the RCS pin functions as an external 
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conjunction with one of these commands, the transfer 
counter is disabled and exactly one byte is to be 
transferred, regardless of the value in the TRANSFER 
COUNT register. The previous contents of the 
TRANSFER COUNT register are not preserved. 


Refer to the COMMANDS section for a description of 
the commands and their corresponding command 
codes. 


COMMAND CODE Bit 0 
COMMAND CODE Bit 1 
COMMAND CODE Bit 2 
COMMAND CODE Bit 3 
COMMAND CODE Bit 4 
COMMAND CODE Bit 5 
COMMAND CODE Bit 6 
SINGLE-BYTE TRANSFER 


buffer chip select and the WE and RE pins become out- 
puts, allowing the Am33C93A to automatically transfer 
data between its DATA register and the external buffer. 
In this mode, bus control can be returned to the external 
processor or any other device by negating the DRQ pin. 


11853-013A 


Reset Conditions 


HARDWARE RESET 
The following results occur when the Am33C93A is 
reset by the assertion of the MR signal: 


¢ The AUXILIARY STATUS register is reset to zero. 
The INT bit (and the INTRQ pin) is set to one when 
the hardware reset completes. 

« The OWN ID register is reset to zero. 

« Advanced mode is disabled. 

*- The ES, ER, and DSP bits in the SOURCE ID 

register are reset to zero. 

The SCSI STATUS register is reset to zero. 

¢ The internal FIFO, internal transfer counter (not 

the host accessible register), offsets, and state 

machines are cleared. 

The internal clock divider circuit is set to divide by 

two. 

The following host accessible registers are NOT 

affected by the MR signal: 

Registers 01 hex through 15 hex; 

SOURCE ID (16 hex) register bits 0-3; 

« COMMAND register (18 hex); 


Note: The SCSI Soft Reset may be implemented by using the 
SCSI bus reset signal to cause a reset of the 
Am33C93A (for example, OR the host power on reset 
signal with the received SCSI bus reset (RST) signal). 
The host may examine the registers that are not af- 
fected by the MR signal to recover from the SCSI reset 
condition. 
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SOFTWARE RESET 


The following results occur when the Am33C93A 
executes the Software Reset command: 


- The DBR bit inthe AUXILIARY STATUS register is _ figured. 


reset to zero. The INT bit (and INTRQ pin) is set to 
one when the Reset command is complete. 


« All SCSI bus signals are reset to the negated state. zero. 


* The internal FIFO, internal transfer counter (not the 
host accessible register), offsets, and state 


machines are cleared. 


COMMANDS 
Command List 


‘Command 
Code 
(HEX) 


00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
0A 
0B 
0C 
0D 
- OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
20 


Am33C93A states: 
D = Disconnected 


Valid 
Command 


Reset 

Abort 

Assert ATN 

Negate ACK 

Disconnect 

Reselect 

Select-with-ATN 
Select-without-ATN 
Select-with-ATN and-Transfer 
Select-without-ATN and-Transfer 
Reselect-and-Receive-Data 
Reselect-and-Send-Data 
Wait-for-Select-and-Receive 
Send-Status-and-Command-Complete 
Send-Disconnect-Message 
Set IDI 

Receive Command — 

Receive Data 

Receive Message Out 
Receive Unspecified Info Out 
Send Status 

Send Data 

Send Message In 

Send Unspecified Info In | 
Translate Address 

Transfer Info 


Command Levels: 
| = Level command 


T = Connected as a Target Il = Level Il command 
| = Connected as an Initiator 
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States 


D,T,I 
D,T,! 
| 
I 
Til 
D 
D 
D 
D,| 
D,| 
D,T 
D,T 
D,T 
Tl 
T 
D,T,! 


Hana aaaS 


D,T 


Level 


« The OWN ID register is interpreted and the clock 
divisor, host parity, and advanced mode are con- 


* Registers 01 hex (Arouak 16 hex are reset to zero. 
The COMMAND register (18 hex) is also reset to 


* The SCS! STATUS register is set as commanded 
by the EAF bit in the OWN ID register. 
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Am33C93A Command Types 

There are two basic types of AmM33C93A commands: 
Level | and Level II. Level |! commands may be issued 
while a Level Il command is in progress (indicated by an 
AUXILIARY STATUS of BSY=1,CIP=0) and, except for 
the “Abort” and “Reset” commands, do not generate an 
interrupt upon their completion. Level |! command exe- 
cution will always result in an interrupt. If a Level Il 
command is issued while another Level Il command is 
executing, unpredictable results may occur. 


There are two types of Level Il commands. ‘Simple’ 
Level Il commands are associated with a single opera- 
tion or phase (for example, selection or information 
transfer). ‘Combination’ Level Il commands combine 
multiple phases into a single Am33C93A command to 
minimize interrupt overhead. The Initiator combination 
commands ‘expect’ certain SCSI bus phases at certain 


times during a sequence. These expected phases are > 


based on common sequences performed by a Target 
on the SCSI bus; any deviation causes an interrupt. 
Target combination commands can be chained to- 
gether to further minimize interrupt overhead by 
creating longer phase sequences. 


NOTE: When using command chaining, care must be taken 
to ensure that all commands in the chain are initial- 
ized prior to issuing the command. 


The Am33C93A will be in one of three “states” during 
operation: Disconnected, Connected as a Target, or 
Connected as an Initiator. Certain commands are valid 
only in particular states as indicated in the COMMAND 
LIST. An attempt to issue a Level Il command which is 
invalid for the present AmM33C93A state will cause an 
“invalid command” interrupt. Level | commands issued 
in invalid states will be ignored. 


Advanced Mode Features 

The Am33C93A has several new features included 
which add new functions to the original 33C93 design. 
Some of these features cause the Am33C93A to be 
incompatible with the 33C93. These features have been 
grouped together under the heading of ‘Advanced 
Mode’ features. These features are disabled when the 
Am33C93A is reset by the MR signal (hardware reset). 
They must be enabled by the host by issuing the ‘Reset’ 
command with the ‘Enable Advanced Features’ (EAR) 
bit set in the OWN ID register. The host can determine if 
advanced features have been enabled (thereby 
implying that a Am33C93A is installed) by examining 
the SCSI STATUS register after issuing the ‘Reset’ 
command. 


The features enabled by this bit are described below. 


UNEXPECTED RESELECTION 

When in normal (33C93) mode, a reselection when idle 
(ER=1) or when disconnected during a Select-and- 
Transfer command (and the Target bus ID does not 
match the DESTINATION ID register) causes an imme- 


diate interrupt after the reselection handshake is 
complete. In Advanced Mode, the Am33C93A will 
continue to the Message In phase to fetch the Identify 
message. If the Am33C93A was idle, the SCSI 
STATUS register will be set to 81 hex, and the Identify 
message will be in the DATA register. If the Am33C93A 
was executing a Select-and-Transfer command, the 
SCSI STATUS register will be set to 27 hex, and the 
Identify message will be in the TARGET LUN register. 
In either case, the SOURCE ID register will contain the 
SCSI bus ID of the reselecting Target, and the ACK 
signal remains asserted so that the Identify message 
may be rejected. 


UNKNOWN SCSI COMMAND GROUPS 

When a SCSI Command Descriptor Block is transferred 
on the SCSI bus, the command length in bytes is deter- 
mined by the group code, which is found in bits 7-5 of 
the first command byte, or opcode. Group 0 (opcodes 
00 to 1F hex), group 1 (opcodes 20 to 3F hex), and 
group 5 (opcodes AO to BF hex) commands are defined 
by the SCSI standard (X3.131-1986) as six, ten, and 
twelve byte commands, respectively. All other com- 
mand groups are undefined by that standard. In normal 
mode, the AmM33C93A will assume that these undefined 
groups are six byte commands when executing Select- 
and-Transfer or Wait-for-Select-and-Receive com- 
mands. In Advanced Mode, the following events will 
occur: 


Select-anad-Transfer: When loading the CDB into the 
CDB registers prior to issuing the command, the host 
also loads the expected command length into the OWN 
ID register. The Am33C93A uses this value to make 
sure the correct number of bytes are then transferred in 
the command phase. 


Wait-for-Select-and-Receive: When receiving the CDB 
from the Initiator, the Am33C93A will check the first 
CDB byte as soon as it is received. If the group is 
undefined, an interrupt will occur so that the host can 
examine the first command byte in the CDB 1ST regis- 
ter, and then load the TOTAL command length into the 
OWN ID register. The SCSI STATUS register is set to 
87 hex, and the COMMAND PHASE register is set to 31 
hex, when this interrupt occurs. 


After the interrupt, the Am33C93A will only accept a 
Resume Wait-for-Select-and-Receive command, Abort, 
Disconnect, or Reset command. All other commands 
are invalid; during the interrupt processing, the 
Am33C93A will continue to transfer the first six bytes of 
the command into its internal FIFO. 


DATA PHASE DIRECTION 


During a Select-and-Transfer command in normal 


mode, the Data phase direction is determined solely by 
the Target; if this direction does not match the direction 
expected by the host, the Am33C93A will not detect this 
error but expects that the transfer will continue. In 
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Advanced Mode, the DPD bit in the DESTINATION ID 
register is compared with the state of the 1/O signal on 
the SCSI bus. If the expected and actual directions do 
not match, an interrupt will occur with ‘unexpected 
phase’ status in the SCSI STATUS register. 


Level | Commands 


RESET (00 HEX) 

The Reset command performs a similar function to the 
hardware reset caused by asserting the MR pin except 
that the OWN ID register is sampled for information 
concerning the operating configuration of the 
Am33C93A. The Am33C93A is also initialized as de- 
scribed in the RESET CONDITIONS section. The Reset 
command may be executed in any Am33C93A state 
and will force the AmM33C93A into the Disconnected 
state, aborting any previously issued command in 
progress. Upon completion of the Reset command, an 
interrupt is generated the SCSI STATUS will be 00 hex 
or 01 hex, depending on the contents of the OWN ID 
register. 


ABORT (01 HEX) 

The Abort command is valid in the Disconnected and 
Connected-as-a-Target states. The Abort command has 
different effects depending on the state and the com- 
mand that is currently executing, as described below: 


Disconnected State: In the Disconnected state, the 
Abort command may be used to halt an attempted 
Select, Select-and-Transfer, Reselect, or Reselect-and- 
Transfer command. If the Abort command is issued 
following a Select or Reselect command and the 
Am33C93A has won arbitration, the Am33C93A 
releases the SCSI bus by removing the Bus !D bits 
while SEL is asserted and checking for a negated BSY 
signal. If after at least 200 us, there is no BSY response, 
the Am33C93A goes to a Bus Free condition and gener- 
ates a “paused/aborted” interrupt. If there is a response 
within this time period, then a “successful completion” 
interrupt will result instead. If the AmM33C93A has not yet 
won arbitration, it immediately aborts the Select or 
Reselect command. 


Target State: When the Am33C93A is ina en 
as-a-Target state, the Abort command may be used to 
abort Receive, Send, or the data phase portion of a 


Target combination command. When issuing an Abort - 


in the Connected-as-a-Target state, the folowing rules 
apply: 


1. When a Abort command is issued to abort a Send or 
Reselect-and-Send command, the local processor 
must not service any data request (DBR, DRQ, etc.) 
from the Am33C93A until an interrupt from the 
Am33C93A occurs. This is required to allow the 
FIFO to clear; the Abort processing will not complete 
until the FIFO contents are flushed to the SCS! bus. 
The Am33C93A removes the data request at an 
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arbitrary time during the Abort command processing 
and the data request is not valid once the Abort 
command is written to the COMMAND register. 


2. When a Abort command is issued to abort a Receive 
or Reselect-and-Receive command, the local proc- 
essor must CONTINUE to service any data request 

~ (DBR, DRQ, etc.) from the Am33C93A until an inter- - 
rupt from the Am33C93A occurs. This is required to 
allow the FIFO to clear; the Abort processing will not 
complete until the FIFO contents are flushed to the 
local processor. 


After the Abort command is processed and the local 
processor has received the interrupt indicating this, the 
TRANSFER COUNT register contains the number of 
bytes that were not successfully transferred with the 
SCSI bus. The Am33C93A remains in the Connected- 
as-a-Target state. The Am33C93A is now ready to re- 
ceive any appropriate Target mode command, including 
a resume of the command that was aborted. 


DISCONNECT (04 HEX) 

The Disconnect command may be used in either the 
Target or the Initiator connected states. In the Target 
role, the Disconnect command is the normal procedure 
for disconnecting from the SCSI bus following the infor- 
mation transfer phase. In the Initiator role, Disconnect 
can be used to release the bus following a timeout 
condition. The Disconnect command causes the imme- 
diate release of all bus signals and, in Target mode, 
returns the SCS! bus to the Bus Free phase.. If the 
Disconnect command is issued during an active Level Il 
command, the Level 1] command is immediately termi- 
nated and the Am33C93A transitions to the Discon- 
nected state. 


ASSERT ATN (02 HEX) 

The Assert ATN command is only valid when Con- 
nected as an Initiator. It is normally used to allow the 
Initiator to inform a Target that it has a message pend- 
ing (The Target is expected to respond by performing a 
Message Out Phase). - 


ATN is automatically negated: 


* Before the last byte of a Transfer Info command 
issued in response to the Message Out phase; 

¢ When the Identify message out is transferred to the 
Target during a Select-and-Transfer command; 


* When a SCSI Bus Free phase occurs. 
The Select-with-ATN and Select-with-ATN-and- 
Transfer commands will cause the Am33C93A to auto- 


matically assert ATN prior to the release of SEL provid- 
ing the bus arbitration is won. 
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NEGATE ACK (03 HEX) - 
The Negate ACK command causes ACK to be negated. 
It may be used in the following situations: 


* after successful completion of a Message-In 
Transfer Info commands; 


* after the Am33C93A has detected a parity error on 
any received SCSI information and the HALT on 
SCSI PARITY ERROR (HSP) bit is set; 


* after unexpected reselection in advanced mode; 
and 


* after a save-data-pointer message is received 
during a select-and-transfer command. 


Host parity errors do not affect the ACK signal. For all 
other Initiator transfers, ACK negation is automatic. 


In the case of a Message-In transfer, incoming mes- 
sages may be rejected and the Initiator may indicate its 
intent to send either a “MESSAGE REJECT” or a 
“MESSAGE PARITY ERROR” Message by issuing the 
Assert ATN command prior to issuing the Negate Ack 
command. If the incoming message is to be accepted, 
only the Negate Ack command should be issued. 


During non-Message-In transfers, if the Transfer com- 
mand is terminated by a parity error, the Assert ATN 
command can again be issued prior to Negate ACK, this 
time indicating the Initiator’s intent to send an 
“INITIATOR DETECTED ERROR” Message. 


SET IDI (OF HEX) 

The Set IDI command is used in the Initiator role to 
support overlapped SCSI operations. If a SCSI com- 
mand is executing via a Select-and-Transfer command, 
then the Set IDI command may be used to set the IDI bit 
in the CONTROL register, which then causes an inter- 
rupt to occur upon a Target disconnection. This ability 
allows the !DI bit to be left reset when the first SCSI 
operation is started, which may reduce the number of 
Am33C93A interrupts, yet also allows a second 
operation to be started when needed without vale for 
the first operation to be completed. 


Simple Level Il Commands 


SELECT-WITH-ATN (06 HEX) 

Select-with-ATN is valid only in the Disconnected state 
and when issued will cause the Am33C93A to select a 
Target. Before issuing this command, the SCSI Bus 1D 
of the Target device should be written into the 
DESTINATION ID register. When the Select- with-ATN 


command is issued, the Am33C93A begins bus. 


arbitration. If the Am33C93A is selected or reselected 
by another device during the arbitration, the Select-with- 
ATN command is aborted and a “service required” 
interrupt (8x hex) is generated. 


Should the AmM33C93A win the arbitration, SEL and AIN 
are asserted, the Target and Initiator Bus IDs are placed 
on the SCSI data bus, and then BSY is deasserted. At 
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this time, a timeout sequence whose length is deter- 
mined by the value in. the TIMEOUT PERIOD register 
begins. If BSY is not asserted by the Target before a 
timeout occurs, the Am33C93A begins its selection 
abort sequence (as described in the Abort command 
description), and if there is no Target response the 
Select- with-ATN command is terminated and a “ter- 
minated” interrupt is generated. If the Target responds 
before the timeout period has elapsed or before the 
selection abort sequence is complete, the Am33C93A 
negates the SEL signal, putting the Am33C93A in a 
Connected-as-an-Initiator state. A “successful comple- 
tion” interrupt indicates that the Select-with-ATN com- 
mand has been completed successfully. 


If the Am33C93A does not win the arbitration or there is 
no response from the Target and the timeout feature is 
disabled, the Select-with-ATN command can be 
aborted with an Abort command. When the Abort 
command is successfully executed under these circum- 
stances, the AmM33C93A is disconnected from the bus 
and a “paused/aborted” interrupt is generated. 


SELECT-WITHOUT-ATN (07 HEX) 

The Select-without-ATN command is identical to the 
Select-with-ATN command except that ATN is not set 
during the Selection Phase. | 


RESELECT (05 HEX) 

The Reselect command is identical to the Select- 
without-ATN command except that the I/O signal is 
asserted upon completion of the Arbitration Phase. 
Successful completion of the Reselect command 
results in the Am33C93A being Connected as a Target. 


RECEIVE (10-13 HEX) 

There are four Receive commands which are distin- 
guished from each other only by the state of three SCSI 
interface signals and the type of data that is transferred. 
These commands, consisting of the Receive 
Command, Receive Data, Receive Message Out, and 
Receive Unspecified Info Out commands are valid only 
in the Connected-as-a-Target state. The type of the 
Receive command selected determines the state of the 
W/O, C/D, and MSG outputs during the command __ac- 
cording to the following chart (1=asserted): 


The Receive commands are information ifarisietring 
commands and are therefore dependent on the SBT bit 
in the COMMAND register for.determination of a suc- 


Receive Command Type OPCODE MSG C/D VO. 





Receive Command 10 0 


1 0 
Receive Data 11 0 0 0 
Receive Message Out 12 1 1 0 
Receive Unspecified Info Out 13 1 :0 0 
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cessful completion. In addition to a termination caused 
by reset (via either a Reset command being issued or 
assertion of the MR pin), a Receive command comple- 
tion or termination will occur under any of these condi- 
tions: (1) The internal transfer counter is disabled 
(SBT=1 or the TRANSFER COUNT register is loaded 
with zero) and a single byte has been read from the 
DATA register; (2) The counter has decremented to 
zero (with SBT=0) indicating that the specified number 
of bytes have been transferred; (3) A parity error has 
been detected on one of the received data bytes (and 
HSP=1); (4) The ATN pin is asserted (and HA=1); (5) 
The Abort command is issued; or (6) A Disconnect 
command is issued. 


When the Receive command is completed as a result of 
receiving the correct number of bytes, a “successful 


completion” interrupt will be generated. If a parity error 


has caused termination, a “terminated” interrupt will 
instead be generated. In this case, the TRANSFER 
COUNT register will contain the number of bytes yet to 
be transferred. After any completion or termination of 
the Receive commands except those due to a subse- 
quent Disconnect command or reset, the AmM33C93A is 
in the Connected-as-a-Target state. 


As data transfer commands, the Receive commands 
are dependent on the DMA mode select bits in the 
CONTROL register for the DATA register accessing 
mode. These bits determine whether the DATA register 
accesses will be handled by the processor or through a 
DMA/Am interface. When the processor is required to 
read the DATA register (i.e. DMA mode select bits=0), it 
must monitor the DBR status bit (in AUXILIARY 
STATUS) to determine when a byte is available for 
reading. During Receive commands, this status bit will 
be reset when a byte is read from the DATA register and 
set when a byte is loaded into the DATA register via the 
SCSI interface. DBR is also reset when a Receive 
command is issued. 


All information transfers involving other than data infor- 
mation are asynchronous. However, if the information 
phase involves data transfers, the SYNCHRONOUS 
TRANSFER register will be evaluated. In this case, any 
selected offset other than zero results in synchronous 
transfers. The minimum Transfer Period for both types 
of transfers is determined by the transfer oe bits in 
this same register. 


SEND “aay HEX) 

As in the case of the Receive commands, there are four 
Send commands which are distinguished only by the 
state of the 1/0, C/D, and MSG pins and the type of data 
that is transferred. The four Send commands, also valid 
in the Connected-as-a-Target state only, are the Send 
Status, Send Data, Send Message In, and Send 
Unspecified Info In commands. The SCSI pin states 
during the Send commands are determined by the par- 
ticular command as follows (asserted=1): 
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Send Command Type OPCODE MSG C/D lO 
Send Status 14 0 1 1 
Send Data 15 0 0 1 
Send Message In 16 1 1 1 
Send Unspecified Info In 17 1 0 1 


The Send commands are also information transferring 
commands and as such are also dependent upon the 
SBT bit in the COMMAND register for command com- ° 
pletion. In addition to that caused by reset (via either a 
Reset command being issued or assertion of the MR 
pin), a Send command completion or termination will 
occur under any of these conditions: (1) The internal 
transfer counter is disabled (SBT=1 or the TRANSFER 
COUNT register is loaded with zero) and a single byte 
has been read from the DATA register; (2) The counter 
has decremented to zero (with SBT=0) indicating that 
the specified number of bytes have been transferred; 
(3) A parity error has been detected on one of the data 
bytes from the host (and HHP=1); (4) The ATN pin is 
asserted (and HA=1); (5) The Abort command is issued; 
or (6) A Disconnect command is issued. The 
Am33C93A remains Connected-as-a-Target following 
the Send command completion/termination unless the 
Disconnect command or reset was used to force a 
termination. 


During a Send command, DATA register accessing is 
controlled by the DMA mode select bits in the 
CONTROL register. When these bits are set to the 
appropriate mode, loading of the DATA register is ac- 
complished by a DMA controller or through the DBA 
Bus interface. If the DMA mode select bits are zero, the 
processor must poll the AUXILIARY STATUS register 
and can write to the DATA register only when the DATA 
BUFFER READY bit is set (DBR=1). Send commands 


cause the DBR bit to be reset every time the processor 


loads a byte into the DATA register and set when a byte 


_ is transferred from the DATA register onto the SCSI 


data bus. The DBR bit will also be set upon issuing a 
Send command. 


As in the case of Receive commands, synchronous 
transfers will occur only when data transfers are in- 
volved and an offset other than zero is selected. 


TRANSFER INFO (20 HEX) 

The Transfer Info command is valid only when Con- 
nected as an Initiator and is used to send and receive 
data, command, status, and message information. 


The first REQ assertion following connection as an Ini- 
tiator results in a “service required” interrupt. The pro- 
cessor should examine the SCSI STATUS register to 
determine the type and direction of information transfer 
requested by the Target, and then issue a Transfer Info 
command in response. While an Initiator, the 
Am33C93A will also generate an interrupt each time the 
Target device requests a new type of information trans- 
fer phase. 


1-25 


al AMD 


As in the case of the Send and Receive commands, 
when completion of the Transfer Info command de- 
pends upon the internal transfer counter, the processor 
should load the TRANSFER COUNT register prior to 
issuing this command. The DMA mode select bits in the 
CONTROL register, the offset and transfer period bits in 
the SYNCHRONOUS TRANSFER register, and the 
SBT bit in the COMMAND register are used during 
Transfer Info commands just as they are during the 
Send and Receive commands. However, for processor 
access of the DATA register during Transfer Info com- 
mands (when the DMA mode select bits are zero or the 
bus phase is other than Data phase), behavior of the 
DATA BUFFER READY (DBR) status bit is determined 
by the direction of information transfer as defined by the 
1/O pin. When the transfer is from Initiator to Target, the 
DBR bit is reset by writing to the DATA register and is 
set when the byte is transferred from the DATA register 
onto the SCSI data bus. When the transfer is from 
Target to Initiator, DBR is set when a byte is received 
over the SCSI data bus and transferred into the DATA 
register and is reset by reading the DATA register. DBR 
is also reset whenever a Transfer Info command is 
issued. 


There are several causes of a Transfer Info command 
completion/termination in addition to a reset. Just as for 
a Send or Receive command, the Transfer Info com- 
mand can be terminated by issuing a subsequent Dis- 
connect or Abort command. The Abort command will 


cause a “paused/aborted” interrupt to be generated af- 


ter execution (leaving the Am33C93A in a connected 
state), while the Disconnect command causes an imme- 
diate disconnect and does not generate an interrupt. 


A Transfer Info command will either complete or pause 
- when the specified number of bytes (either a single byte 
or multiple bytes as defined by the SINGLE-BYTE 
TRANSFER bit in the COMMAND register) has.been 
sent or received. The Am33C93A generates a 


“successful completion” interrupt only after receiving. 


another REQ from the Target during non-Message-In 
information phases but generates a “paused/aborted” 
interrupt for Message-In phases without waiting for an 
additional REQ (Note that when the completed Transfer 
Info command was a Message-in transfer phase, the 
ACK pin will be left asserted by the Am33C93A in the 
last REQ-ACK cycle of the command, and the 
processor is required to issue a Negate ACK or an 


Assert ATN followed by a Negate ACK command to 


accept or reject the message). 


If a parity error is detected on a data byte received from 
the SCSI bus (and HSP=1) or on a data byte byte 
received from the host (and HHP=1), then the 
Am33C93A will terminate the command and, for SCSI 
parity errors, will leave ACK asserted (to also halt the 
Target). In this case a “terminated” interrupt is gener- 
ated. Finally, a negation of the BSY. signal (i.e. the Tar- 
get suddenly disconnects) or a transition in the 1/0, C/D, 


and/or MSG pins during a Transfer command will also 
terminate the. command and generale a “terminated” 
interrupt. 


If a parity error is detected on a received byte but parity 
error command termination is disabled (HSP=0 or 
HHP=0, as appropriate), the AM33C93A will still set the 
PARITY ERROR status bit in the AUXILIARY STATUS 
register but will not terminate the command as a result 
of this error. ,; 


TRANSLATE ADDRESS (18 HEX) 

The Translate Address Command performs a logical- 
address to physical-address translation. Certain SCSI 
commands involve a logical address which may be up 
to 32 bits in length. When a command is detected which 
requires address translation, the processor can reload 
the logical address into the Am33C93A LOGICAL 
ADDRESS register and then issue the Translate 
Address command to have the Am33C93A do the con- 
version. Upon receiving a “successful completion” inter- 
rupt, the processor can read the CYLINDER NUMBER, 
HEAD NUMBER, and SECTOR NUMBER registers to 
extract the logical address. The disk parameters con- 
tained in the TOTAL SECTORS, TOTAL HEADS, and 
TOTAL CYLINDERS registers must also be valid before 
issuing a Translate Address command. 


If automatic compensation for spare sectors is to be 
performed by the Am33C93A, then the number of spare 
sectors per cylinder and total number of sectors per 
cylinder must also be loaded, respectively, into the 
HEAD NUMBER and CYLINDER NUMBER registers. A 
“terminated” interrupt will occur if any division operation 
performed during this command results in an overflow. 


Combination Level II Commands » 


SELECT-AND-TRANSFER (08 AND 09 HEX) - 

The Select-and-Transfer commands greatly reduce the 
host or local processor interrupt-handling burden by 
enabling the Am33C93A’s internal microprocessor to 
manage the low-level SCSI protocol; resulting in as few 
as one interrupt per SCS! operation. Select-and-: 
Transfer commands are used when in an Initiator role, 
and typically consist of at least the following SCSI 
phases: (1) Selection of a Target device; (2) Sending of 
acommand; (3) Reception of status information; and (4) - 
Reception of a COMMAND COMPLETE Message. 
These commands optionally consist of a Data Transfer 
phase and additional Message Transfer phases. 


The Am33C93A will update the COMMAND PHASE 
register as the Select-and-Transfer command 
executes. Upon completion or termination of the 
command, the local processor can read this register to 
determine where the SCSI operation stopped. 


The two Select-and-Transfer commands differ from 
each other only by’whether or not the ATN pin is as- 
serted during the Selection phase. The ability to assert 





1-26 


Am33C93A 


AIN during Selection supports the SCSI Message 
Protocol! which calls for an IDENTIFY Message Out 
phase following the Selection. When executing a Select 
W/ATN-and-Transfer commands, the Am33C93A 
expects the Target to request a Message’ Out phase 
immediately following selection, whereas for a Select 
W/O ATN-and-Transfer command, it expects the Target 
to directly enter Command phase. The Select-and- 
Transfer commands, moreover, support Group 0 
(6-byte CDB), Group 1 (10-byte CDB), and Group 5 
(12-byte CDB) SCSI commands. , 


When a Select-and-Transfer command is issued, the 
Am33C93A arbitrates for the bus and selects a Target 
just as during a Select command. If the Target does not 
respond before a timeout occurs, the Select-and- 
Transfer command halts and a “terminated” interrupt is 
generated. Failure to complete the Selection phase is 
also indicated by the fact that the COMMAND PHASE 
register contains all zeros. If the Selection is successful, 
no interrupt is generated, but the COMMAND PHASE 
register will be set to a hex 10. 


After completing the Selection phase, the Am33C93A 
begins an information transfer phase. If ATN has been 
asserted (i.e. a Select W/ATN-and-Transfer command 
was issued), the Am33C93A expects the Target to 
respond with a Message Out phase. If the first 
information phase request is other than a Message Out 
request, the Am33C93A will terminate the command 
and generate a “terminated” interrupt. However, when 
the Target does request a Message Out phase, the 
Am33C93A will respond by automatically sending an 
IDENTIFY Message. This single byte message is of the 
binary form: 1r000ttt, where r=1 if the ENABLE 
RESELECTION bit in the SOURCE ID register is equal 
to 1, and ttt is the encoded Target LOGICAL UNIT 
NUMBER contained in the TARGET LUN register. 
Once the IDENTIFY Message has been sent, the 
Am33C93A will set the COMMAND PHASE register to 
hex 20. 


Following the Message Out phase (or Selection phase 
when ATN was not asserted during Selection), a Com- 
mand phase is expected by the Am33C93A. Again, and 
throughout the entire Select-and-Transfer command 
execution, if the Target requests an unexpected infor- 
mation phase type, the Am33C93A terminates the com- 
mand and generates a “terminated” interrupt. If the 
Command phase is requested in this situation, the 
Am33C93A will extract the SCSI command from the 
internal COMMAND DESCRIPTOR BLOCK registers 
and send the 6-, 10-, or 12-bytes of command 
information as determined by its evaluation of the SCSI 
command code in the CDB1 register. The COMMAND 
PHASE register is set to hex 30 before the first 
Command byte is sent and then increments with each 
byte transferred, so that for a 12-byte CDB command 
the COMMAND PHASE register will contain hex 3C 
when all bytes of the CDB have been transferred. 
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After the Command phase, the Am33C93A expects ° 
either a Data In phase, Data Out phase, Status phase, 
or Message In phase. If the Target is requesting a 
Message In phase, a pending disconnection is 
assumed. The Am33C93A therefore expects to receive 
either a Save-Data-Pointer message (hex 02) or a Dis- 
connect message (hex 04). If either message is incor- 
rect, or if a different message is received, a “terminated” 
interrupt will be generated to alert the processor of that 
fact and to allow the message to be read from the DATA 
register. A “terminated” interrupt will also be generated 
if the Target disconnects before sending the Disconnect 
message. When a correct Save-Data-Pointer message 
is received, a “paused/aborted” interrupt is generated 
and the Select-and-Transfer command terminated to 
allow the processor to save the SCS! data pointer. 
However, if a Disconnect message is received, the 
COMMAND PHASE register will be updated to hex 42 
and command execution continues. 


When the actual Target-disconnection does occur, the 
COMMAND PHASE register is updated to hex 43 and if 
the IDI bit is set, the Am33C93A terminates the Select- 
and-Transfer command by generating an 85H interrupt. 
However, if the IDI bit is reset, then instead the 
Am33C93A sits in an idle state, waiting for the Target to 
reconnect. If a different Target device Reselects the 
Am33C93A, a “terminated” interrupt is generated. How- 
ever, if the original Target Reselects the Am33C93A, no 
interrupt is generated and the COMMAND PHASE 
register is set to hex 44. 


Following the original Target Reselection, the 
Am33C93A expects a Message !n phase which should 
consist of the Target sending an IDENTIFY Message. 
This single-byte message should be of the binary form: 
10000ttt, where ttt is the Target LUN. If the data 
received by the Am33C93A is different or the Target 
LUN specified in this byte does not match the contents 
of the TARGET LUN register, a “terminated” interrupt is 
generated and the Message byte may be examined by 
the processor. A correct IDENTIFY Message In phase 
results in the COMMAND PHASE register being 
updated to hex 45. 


After the IDENTIFY Message is received from the 
Target or immediately after the Command Out phase 
(when there is no disconnection), a Data In phase, Data 
Out phase, or Status phase should occur. If the 
TRANSFER COUNT register contains any non-zero 
value, then the Am33C93A will expect a Data Transfer 
phase. If Advanced Features are enabled, then the 
DPD bit will be examined to verify the correct data 
direction. If the data direction is incorrect, then a “termi- 
nated” interrupt is generated. In this phase, the 
Am33C93A will use the TRANSFER COUNT register to 
determine the number of bytes to be transferred, and all 
host-side DATA register accesses will be accomplished 


. via the method selected by the DMA mode select bits in 


the CONTROL register. When the internal counter 
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reaches zero, the Data Transfer phase is complete and 
the COMMAND PHASE register is set to hex 46. 


Note that any number of disconnection/reconnection 
cycles may occur during the Data Transfer phase so 
long as they are accomplished according to the defined 
message protocol. The COMMAND PHASE register will 
cycle through the disconnect phases (41-45) with each 
disconnection and subsequent reconnection until all of 
the data has been transferred and the Data Transfer 
phase is complete. 


A Status phase is expected by the Am33C93A following 
the Data Transfer phase (or instead of the Data 
Transfer phase when the TRANSFER COUNT register 
contains a value of zero). At the start of the Status 
phase, the COMMAND PHASE register is loaded with 
hex 47. Upon completion of the Status phase, the 
COMMAND PHASE register will be updated to hex 50, 
and the received status byte is stored in the TARGET 
LUN register where it can be read upon completion of 
the command. 


Following completion of the status-byte transfer, a Mes- 
sage In phase is expected. The Am33C93A expects the 
Target to send a COMMAND COMPLETE Message 
(hex 00) to indicate that the SCSI command operation 
has been completed. After the Am33C93A receives this 
COMMAND COMPLETE Message, the COMMAND 
PHASE register advances to hex 60, and if the EDI bit is 
reset, a “successful completion” interrupt is generated. 
The processor should then read the TARGET LUN 
register to examine the Target status. An additional 
interrupt will then occur when the SCSI bus goes to the 
Bus Free state, or when another REQ is asserted to 
begin an information transfer phase (as in SCSI linked 
commands). If the EDI bit is set, the “successful com- 
pletion” interrupt will be suppressed until the Target 
disconnects from the SCSI bus. 


At any time during execution of the Select-and-Transfer 
‘ commands, an abnormal or unexpected condition will 
cause the Am33C93A to terminate the command, set 
the appropriate status qualifiers, and generate a “termi- 
nated” interrupt. If the termination occurred during an 
information transfer phase, the Am33C93A will be left in 
a Connected-as-an-initiator state (unless termination 
was due to a sudden Target disconnection). Command 
termination during any other phase will result in the 
Am33C93A being in a Disconnected state. Transfer 
commands may be used to handle the exception by 
transferring messages with the Target. 


The following table summarizes the possible values that 
the COMMAND PHASE register can take during the 
Select-and-Transfer commands, and their meanings 
relative to command termination: 


Command 
- Phase Meaning 

00 No SCSI bus device has been selected. The 
Am33C93A is in the disconnected state. 

10 The Target has been selected. The 
Am33C93A is now in the connected as an 
Initiator state. 

20 An Identify message has been sent to the 
Target. 

30 Command phase has started, no bytes 
transferred. 

3x Command phase, x bytes have been 
transferred. 

41 Save-Data-Pointer message received. 

42 Disconnect message received, bus not free. 


43 Target has disconnected (SCSI bus free) 
following a successful transfer of a Disconnect 
message. The Am33C93A is now in the 
disconnected state. 

44 The Am33C93A has been reselected by the 
Target whose SCS! bus ID matches the value 
in the DESTINATION 1D register. The 
Am33C93A is now in the connected as an 
Initiator state. 


45 The Am33C93A has received an Identify mes- 
sage from the Target whose Logical Unit 
Number matches the value in the TARGET 
LUN register. 

46 The number of bytes specified in the 
TRANSFER COUNT register have been trans- 
ferred to/from the Target during a Data Out/In 
phase. 

47 The Target has begun a Receive Status phase. 


50 The Am33C93A has successfully received a 
Status byte from the Target and stored it in the 


TARGET LUN register. 
60 The Am33C93A has successfully received a 


Command Complete message from the Tar- 
get. 


A “Resume Select-and-Transfer’ command is assumed 
whenever a normal “Select-and-Transfer” command is 
issued while the Am33C93A is in the Connected- 
Initiator state. When the “Resume” is issued, the 
Am33C93A examines the COMMAND PHASE register 
to determine where to restart the Select-and-Transfer 
command execution. This feature, in conjunction with 
the INTERMEDIATE DISCONNECT INTERRUPT 
enabled, allows support of multi-threaded or overlapped 
1/0 on the SCSI bus. 


The following table briefly describes the valid settings of 
the COMMAND PHASE register when resuming a Se- 
lect-and-Transfer command: 
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Command 
Phase Meaning 

10 Resume after Target selection is complete. 

20 Resume after Identify message out. Command 
phase is expected; an implied Negate ACK 
occurs. 

30 Resume when Command phase has begun 
(REQ asserted). 

41 Resume after Command phase or after Save- 
Data-Pointer message. Data, Status, or 
Message in phases are expected. An implied 
Negate ACK occurs. 

42 Resume to complete Disconnect Message In; 
an implied Negate ACK occurs. 

44 Resume after reselection by a Target. 

45 Resume to transfer more data in a data trans- 


fer phase. May expect Status or Message In as 
well. An implied Negate ACK occurs. 


46 Resume after the data phase has been 
completed, expecting Status phase ora Save- 
Data-Pointer/Disconnect Message In phase. 
An implied Negate ACK does NOT occur. 


50 Resume to complete a Status phase; an 
implied Negate ACK occurs. 

60 Resume to complete a Command Complete 
message from the Target; an implied Negate 
ACK occurs. 


RESELECT-AND-TRANSFER (0A AND OB HEX) 


The Reselect-and-Transfer commands include the - 


Reselect-and-Receive-Data and the Reselect-and- 
Send-Data commands. These commands cause the 
Am33C93A to execute certain common SCSI bus 
phase sequences as a Target following a Reselection 
phase. These phases are determined by which 
command is sent, and the setting of two bits: the EDI bit 
in the CONTROL register; and the SCC bit in the 
DESTINATION ID register. The SCS! bus phase 
sequences are summarized below. Refer to the com- 
mand descriptions of the Send-Status-and-Command- 
Complete and Send-Disconnect-Message commands 
for details on those sequences. 


1. Reselect-and-Receive command, EDI=0, and 
SCC=don't care: 
* Reselection phase; 
* Send Identify Message In; 
* Receive Data Out phase; 
* Completion interrupt. 


2. Reselect-and-Send command, EDI=0, and | 
SCC=don't care: 


« Reselection phase; 

* Send Identify Message In; 
* Send Data !n phase; 

« Completion interrupt. 
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3. Reselect-and-Receive command, EDl=1, and 
SCC=0: 


* Reselection phase; 
_* Send Identify Message In; 
* Receive Data Out phase; 
¢ Chain to Send-Status-and-Command Complete; 
4. Reselect-and-Send command, EDl=1, and SCC=0: 
* Reselection phase; 
¢ Send Identify Message In; 
¢ Send Data In phase; 
¢ Chain to Send-Status-and-Command-Complete; 


5. Reselect-and-Receive command, EDI=1, and 
SCC=1: 


¢ Reselection phase; 
¢ Send Identify Message In; 
¢ Receive Data Out phase; 
¢ Chain to Send-Disconnect-Message; 
6. Reselect-and-Send command, EDI=1, and SCC=1: 
¢ Reselection phase; 
¢ Send Identify Message In; 
¢ Send Data In phase; 
* Chain to Send-Disconnect-Message. | 


If the reselection attempt times out during a Reselect- 
and-Transfer command, ATN is asserted and HA=1, or 
if a parity error is detected on a incoming data byte (and 
HSP=1 or HHP=1, depending on data direction), the 
command will be terminated and the appropriate status 
will be set. In this case, the COMMAND PHASE register 
should be evaluated to determine the last successfully 
completed phase. If none of these conditions occurs, all 
phases complete normally, and if ED!I=0, then a “suc- 
cessful completion” interrupt would be generated at this 
point. However, if EDI=1, no interrupt is generated and 
command chain occurs (as described above). 


The following table summarizes the possible values that 
the COMMAND PHASE register can take during the 
Reselect-and-Transfer commands, and their meanings 
relative to command termination. See other command 
descriptions for additional values that can occur when 
command chaining is used. 


Command 
Phase Meaning 

00 No SCSI bus device has been reselected. The 
Am33C93A is in the disconnected state. 

10 The Am33C93A has successfully reselected 
the Initiator. The Am33C93A is now in the 
connected as a Target state. 

20 The Identify message has been successfully 
sent to the Initiator. 

46 The requested data transfer has been com- 
pleted. 
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A “Resume Reselect-and-Transfer” command is as- 
sumed whenever a normal “Reselect-and-Transfer” 
command is issued while the Am33C93A is in the 
Connected-as-a-Target state. When the “Resume” is 
issued, the Am33C93A examines the COMMAND 
PHASE register to determine where to restart the 
Reselect-and-Transfer command execution. This 
feature, in conjunction with the capability to chain to 
other combination commands, allows longer SCSI bus 
sequences to be executed by a single command. 


The following table briefly describes the meaning of the 
COMMAND PHASE register when resuming a 
Reselect-and-Transfer command: 


Command 
Phase Meaning 
10 Resume atter Initiator reselection is complete; 
start with Identify Message Out. 
20 Resume after Identify message out; start with 


data transfer phase. If TRANSFER COUNT is 
zero, no data transfer phase occurs. In either 
case, a chain to another combination com- 
mand can occur if enabled. 


WAIT-FOR-SELECT-AND-RECEIVE (0C HEX) 

The Wait:for-Select-and-Receive causes the 
Am33C93A to idle until it is selected by an Initiator, at 
which time the Am33C93A will enter the Target mode 
and message and command information will 
automatically be requested. As an option, the 
Am33C93A may be programmed to disconnect when a 
SCSI read command is received while executing a 
Wait-for-Select-and-Receive command. Use of this 
command therefore eliminates the interrupts which 
normally occur after selection and after each 
subsequent SCSI bus phase, and results in very short 
bus-connect time during SCSI read commands. 


if ATN was asserted by the Initiator during the selection 
phase, the Am33C93A will first execute an implied 
“Receive Message Out” command to get the Identify 
message from the Initiator, before continuing on with 
the implied “Receive Command” to receive the SCSI 
command information. The SCSI command information 
(CDB) will be stored in the CDB registers (hex 
addresses 03 to OE), and if a valid IDENTIFY message 
is received, it will be saved in the TARGET LUN register 
(hex address OF). The number of command bytes 
requested by the Am33C93A is determined by the SCS! 
group code in the first byte of the CDB. 


After the Am33C93A is selected and receives all valid 
command and message information, a “successful 
completion” interrupt will normally be generated to allow 
the local processor to read out and interpret the SCSI 
CDB. However, by setting the EDI bit prior to issuing a 
Wait-for-Select-and-Receive command, the 
Am33C93A is enabled to perform an automatic 
disconnect when a SCSI read command is received. 
Therefore, when EDl=1 and the 1st CDB byte received 


contains a 6-, 10-, or 12-byte read command code, then 
the Am33C93A will temporarily suppress the interrupt 
and chain to begin execution of a Send-Disconnect- 
Message command. An interrupt will then be generated 
after completion of this command, which normally would 
indicate a transition to the bus free condition. Refer to 
the Send-Disconnect-Message command description 
for more details. 


If during execution the message or command informa- 
tion received from the Initiator is invalid, the implied 
receive command will be terminated and the appropri- 
ate status reported. In this case, the COMMAND 
PHASE register should be read to determine which 
phase of the Wait-for-Select-and-Receive command 
was last completed before the error condition occurred. 
A COMMAND PHASE hex value of hex 10 indicates 
that the Am33C93A was successfully selected. A hex 
value of 20 indicates that a message was received from 
the Initiator, and when the Am33C93A begins receiving 
command bytes, the COMMAND PHASE is set to hex 
30 and increments with each byte received (to a 
maximum of 3C for a 12-byte CDB command). 


The following table summarizes the possible values that 
the COMMAND PHASE register can take during the 
Wait-for-Select-and-Receive command, and their 
meanings relative to command termination. See other 
command descriptions for additional values that can 
occur when command chaining is used. 


Command 


Phase _ Meaning 


00 The Am33C93A has not been selected. The | 
Am33C93A is in the disconnected state. 

10 The Am33C93A has been successfully 
selected by the Initiator. The Am33C93A is 
now in the connected as a Target state. 

20 The Identify message has been successfully 

. received from the Initiator. — oe 

30 The Am33C93A has begun command phase 
by setting the SCSI bus phase signals and 
asserting REQ. 

31 The Am33C93A has transferred one 
command byte from the Initiator. The SCSI 
STATUS may indicate the need for the host to 
load the command size into the OWN ID 
register. 

3x The Am33C93A has transferred x command 
bytes from the Initiator. 


A “Resume Wait-for-Select-and-Receive” command is 
assumed whenever a normal “Wait-for-Select-and- 
Receive” command is issued while the Am33C93A is in 
the Connected-as-a-Target state. When the “Resume” 
is issued, the Am33C93A examines the COMMAND 
PHASE register to determine where to restart the Wait- 
for-Select-and-Receive command execution. This 
feature, in conjunction with the capability to chain to 
other combination commands, allows longer SCSI bus 
sequences to be executed by a single command. 
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The following table briefly describes the meaning of the 
COMMAND PHASE register when resuming a Wait-for- 
Select-and-Receive command: 


Command 
Phase Meaning 

10 Resume after selection by the Initiator is com- 
plete; start with Identify Message Out if ATN is 
asserted, otherwise, start with command 
phase. 

20 Resume after a message out; check the re- 
ceived message in the TARGET LUN register 

' fora valid Identify message. 

30 Resume after Identify message out. Start with 
command phase. 

31 Resume after the Am33C93A has transferred 1 


command byte from the Initiator. This resume 
point is used only when an unknown group 
code has been detected in Advanced Mode, 
and the command size has been loaded into 
the OWN ID register. 


SEND-STATUS-AND-COMMAND-COMPLETE 

(OD HEX) 

The Send-Status-and-Command-Complete command 
is valid in the Target role, and is used to complete a 
SCSI operation by transferring the appropriate status 
information to the Initiator prior to disconnection from 
the SCSI bus. This command also supports linked SCSI 
operations by optionally allowing a linked command- 
complete message to be sent after the status is 


transferred. Linked command complete messages are 


controlled by the CDB12 register with bits that corre- 


spond to the standard linked command control bits in’ 


the CDB.. 


Before a Send-Status-and-Command-Complete com- 
mand is issued, the CDB11 register must be loaded with 
a status byte which will then be transferred across the 
SCSI bus. Also, the link control bits from the current 
CDB must be loaded into the CDB12 register to ensure 
that the correct sequence occurs. Note that the bits 
used by the Am33C93A are identical in meaning to the 
SCSI standard link control bits. The host processor may 
simply load the control byte from the current SCS! com- 
mand into CDB12 to get the correct function. As the 
command execution progresses, the COMMAND 
PHASE register will be updated to indicate the last 
phase completed. 


The possible sequences caused by this command are 
as follows: 


1. CDB12 bit0=0, bit1=don’t care: The status byte in 
CDB11 is sent, followed by a Command Complete 
message (00 hex). A “successful completion” 
interrupt now occurs. 

2. CDB12 bit0=1, biti1=0: The status byte in CDB11 is 
sent, followed by a Linked Command Complete 
message (0A hex). A chain to the command fetch 
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portion of Wait-for-Select-and-Receive then occurs 
to fetch the next CDB from the Initiator: AM33C93A 
command execution proceeds as described for that 
command. 


3. CDB12 bit0=1, bitl=1: The status byte in CDB11 is 
sent, followed by a Linked Command Complete with 
Flag message (0B hex). A chain to the command 
fetch portion of Wait-for-Select-and-Receive then 
occurs to fetch the next CDB from the Initiator. 
Am33C93A command execution proceeds as de- 
scribed for that command. 


A Send-Status-and-Command-Complete command 
may be terminated by ATN asserted when HA=1, or 
when a Disconnect or Reset command is issued. 


The following table summarizes the possible values that 
the COMMAND PHASE register can take during the 
Send-Status-and-Command-Complete command, and 
their meanings relative to command termination. See 
other command descriptions for additional values that 
can occur when command chaining is used. 


Command 
Phase Meaning 

00 No operation occurred; typically, ATN was 
found to be asserted. 

50 Status phase transfer completed. 

60 Command Complete message transfer com- 
pleted. 

61 Linked Command Complete message transfer 
completed. 


A “Resume Send-Status-and-Command-Complete” 
command is assumed whenever a normal “Send- 
Status-and-Command-Complete” command is issued 
while the Am33C93A is in the Connected-as-a-Target 


- state. When the “Resume” is issued, the Am33C93A 


examines the COMMAND PHASE register to determine 
where to restart the Send-Status-and-Command- 
Complete command execution. This feature, in 
conjunction with the capability to chain to other combi- 
nation commands, allows longer SCSI bus sequences 
to be executed by a single command. 


The following table briefly describes the meaning of the 
COMMAND PHASE register when resuming a Send- 
Status-and-Command-Complete command: 


Command 
Phase Meaning 
50 Resume after status phase. Start with 


command complete message. May chain to 
command fetch if commanded to do so. 


SEND-DISCONNECT-MESSAGE (0E HEX) 

The Send-Disconnect-Message command is a Target- 
role command which may be used to disconnect from 
the SCSI bus at any time during a SCSI command 
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sequence. This command consists of sending a Discon- 
nect message byte, followed by physical disconnection 
from the bus (SCSI bus free). An interrupt is generated 
only after transition to bus free occurs. As an option, a 
Save-Data-Pointer message will automatically be sent 
before the Disconnect message whenever the IDI bit is 
set prior to issuing this command. . 


The COMMAND PHASE register is updated during 
execution of the Send-Disconnect-Message command 
to indicate bus phase status. After a Save-Data-Pointer 
message is sent, the COMMAND PHASE will be set to 
41H. After the Disconnect message transfer, this regis- 
ter will be updated to 42H, and after disconnection the 
COMMAND PHASE register will contain a 43H. 


A Send-Disconnect-Message command may be termi- 
nated by ATN asserted when HA=1, or when a Discon- 
nect or Reset command is issued. 


ELECTRICAL CHARACTERISTICS 


The following table summarizes the possible values that 
the COMMAND PHASE register can take during the 
Send-Disconnect-Message, and their meanings relative 
to command termination. See other command descrip- 
tions for additional values that can occur when 
command chaining is used. 


Command 
Phase Meaning 

00 No operation occurred; typically, ATN was 
found to be asserted. 

41° The Save-Data-Pointer message was trans- 
ferred, 

42 The Disconnect message was transferred. 

43 The bus free state occurred after the Discon- 


nect message was transferred. The 
Am33C93A is now in the disconnected state. 


ABSOLUTE MAXIMUM RATINGS 


Voltage on any pin with respecttoGND: -0.5 Vto+7.0 V 
Operating temperature 0 to 70 deg. C 
Storage temperature —55 to +125 deg. C 
Power dissipation * 400 mW 
Input Static Discharge Protection 2K V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolutely 
maximum ratings for extended periods may affect device 
reliability. 


DC OPERATING CHARACTERISTICS 


Ta = 0 to 70°C, VCC = +5 V +0.25 V, GND =O V 


_ Symbol Characteristic 
iL Input Leakage . 
IOL1 . SCSI Output Leakage (Inactive) 
* JOL2 Output Leakage (Tri-State) 
VIH_ _Input High Voltage 
VIL Input Low Voltage 
VIHYS Schmitt Trigger Input 


Hysteresis (All SCSI Pins) 
VOH Output High Voltage 


VOL1 SCSI Output Low Voltage ~ 
_ VOL2 Output Low Voltage (All Others) 
ICC Supply Current 


Units Conditions 
10 pA VIN =. 4 to VCC 
50 pA VOUT = .5 to VCC 
10 pA VOUT =.4to VCC 
2.0 Vv 
0.8 | Vv 
0.2 V 
2.4 V IO = -400 pA 
0.5 V IO = 48.0 mA 
0.4 V IO =.4.0mA 
20 mA Ta = +25°C 
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SWITCHING TEST CIRCUIT 


From output 
under test 
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Pins of the Device a *C, l, I, 
INTRQ, RE, WE . 100 pF 4mA 400 pA 
Do-D7, DP 100 pF 4mA 400 pA 
DACK, DRQ 100 pF 4mA — 
SDO0-SD7, SDP 
BSY, SEL, /O, C/D 100 pF 20 mA —_ 
MSG, ATN, REQ, ACK 
“ Actual capacitance may vary 20%. 
SWITCHING TEST WAVEFORM 
All the Open Drains 
8V BV 
All Other Pins 
3.0 
1.5V 1.5V 
0 
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TIMING CHARACTERISTICS 


Timing characteristics are valid over the entire operat- 
ing temperature (0 to 70°C) and voltage (4.75 to 5.25 V) 
ranges, and are referenced to and from a low voltage of 
0.8 volts and a high voltage of 2.0 Volts. All outputs are 
assumed to have a load capacitance of 50 picofarads. 


Many of the timing parameters that follow are defined in 
terms of an internal clock cycle time that is determined 
by the input clock and the clock divisor selected in the 
OWN ID register. This cycle time is calculated as 
follows: 


Where: 
_ Teyc is the internal clock cycle time; 
Tckin is the period of the clock at the CLK input; 


DIVISOR is the clock divisor selected in the OWN ID 
register. 


For example, witha 16 MHz clock input to the AM33C93A, 
the clock divisor selected would be 4. Therefore, the value 
of Tcyc would be: 


62.5 ns*4 
Tckin * DIVISOR Teye=———_____ = 125 ns 
tcycu 2 
2 
Processor/DMA Interface 
CLK 
Symbol Characteristic Min Max Units 
lop Clock Period 16 MHz 62.5 125 ns 
20 MHz 50.0 ons 
ie Clock High 16 MHz 28.0 ns 
| . 20 MHz 20.0 ns 
tor - Clock Low 16 MHz 28.0 ons . 
20 MHz 20.0 ons 


CLK 


MR 
Symbol Characteristic 
ae MR Pulse Width 
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Min Max Units 





11853-014A 
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PROCESSOR WRITE—INDIRECT ADDRESSING MODE 


Symbol Characteristic Min Max Units 
baa AO Valid to WE Low ' 0 ns 
totwe CS Low to WE Low 0 ns 
twe WE Pulse Width 120 — ns 
tovwu Data Valid to WE High 70 ns 
ner WE High to AO Invalid 0 ns 
are WE High to CS High 0 ns 
twupr WE High to Data Invalid 0 ns 
tWwaw WE High to WE or RE Low 100 ns 
tAVWL tWHAI 


a 


tCLWL t WHCH 
cs a 


tWE t WHWL 


00-07 KX RRRERIKRIIORRO 


PROCESSOR READ—INDIRECT ADDRESSING MODE 


Symbol Characteristic Min Max Units 
tavaL AO Valid to RE Low 0 - ns 
totaL CS Low to RE Low 0 ns 
on RE Pulse Width 180 10000 ns 
ter py bes Low to pals Valid 180 ns 
lanier RE High to CS High 0 | ns 
tea RE High to Data Invalid 10:*; 40 ns 
toot RE High to RE or WE Low 100 ns 


t RE High to AO Invalid ns 


RHAI 


TAVRL t RHA! 


0 
es ee 


tCLRL t RHCH 
cs i 
_ t RHRL 
RE 


D0-07 Caio 


11853-016A 
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PROCESSOR WRITE—DIRECT ADDRESSING MODE 


Symbol Characteristic Min Max Units 
rat ADDR Valid to ALE Low 40 ns 
tar at ALE Low to ADDR Invalid 0 ns 
ve ALE Low to WE Low 90 ns 
tow. CS Low to WE Low 0 ns 
twe WE Pulse Width — 120 ns 
toanig Data Valid to Vi WE High TO > -% ns 
teaee WE High to CS High 0 ns 
baci WE High to Data Invalid 0 ns 
Ge WE High to WE or RE Low 100 ns 
ALE 
t CLWL t WHCH 
c peal Lay 
tWE tWHWL 
WE 
t AVAL 
a 


oo-o7 YY aBoRESS — YXKRROOKKIN____OKKORKN 
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PROCESSOR READ—DIRECT ADDRESSING MODE 


Symbol Characteristic Min Max Units 
tavaL ADDR Valid to ALE Low 40 ns 
tata ALE Low to ADDR Invalid 0 ns 
taLAL A Low tone Low 30 ns 
toraL ae Low to RE Low 0 ns 
toe RE Pulse Width 180 10000 ns 
tarpy Re Low to Data Valid 180 ns 
lene RE High to CS High 0 ns 
fia RE High to Data Invalid 10 40 ns 
tesa RE High to RE or WE Low 100 . ns 
ALE 
tCLRL —t RHCH 
t RE tRHRL 
RE 






t AVAL t ALA! 


puscaetinns snail ‘ RLDV— >| 3 RHDI 
D7 Xx) ADDRESS 


SKKKXXXXKMXK RAK 
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DMA WRITE 
Symbol Characteristic Min Max Units 
toLw. DACK row to WE Low 0 ns 
toray DACK, WE Low to DRQ High 75 ns 
tis WE Pulse Width 50 ns 
Tan WE High to WE Low 100 ns 
are Data Valid to WE High 25 ns 
lation WE High to DACK High 0 ns 
lindas WE High to DATA Invalid Bs) i ns 
too. DACK High to DRQ Low 0 ns 


DRO (OUT) 


DACK (IN) 





00-07 XXXXKKKKK 


OX 





NOTE: External load on DRQ & DACK is assumed to be 1K Q. 11853-019A 
DMA READ 
Symbol Characteristic Min Max Units 
tise DACK Low to RE Low 0 ns 
om DACK, RE Low to DRO High 75 ns 
tap RE Pulse Width 80 ns 
ae RE High to RE Low 100 ns 
tary RE Low to Data Valid 70 ns 
taupy: RE High to DACK High 0 ns 
te RE High to DATA Invalid 5 40 ns 
toot DACK High to DRQ Low — 0 ns 
tie DRQ High to DRO Low 100 ns 
| ' DLQH 
DRQ (OUT) <<  t RHDL 


tpLRL : tRHDH t DHAL 
a i 
. T RHRL 
RE 


t RLDV tRHDI 
ore Ex WK CAAA 
NOTE: External load on DRQ & DACK is assumed to be 1K Q. 


11853-020A 
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DIRECT BUFFER ACCESS WRITE 


Symbol Characteristic Min Max Units 

fens DRQ High to RCS Low 0 ons 
to wy RCS Low to WE Valid 0 20 ns 
bans WE Pulse Width Tcyc-20 ns 
haa WE Low to Data Valid 50 ns 
er WE High to Data Invalid 20 ns 
lai WE High to WE Low Tcyc-20 ns 
losy DRQ Low to RCS High 8*Tcyc 10"Tcyc ns 
becioui RCS High to WE Invalid 0 100 ns 
tea RCS Low to WE Low 60 ns 
lowwL DRQ Low to WE Low (1) 0 ns 
t QHSL-}<>} tQLSH 

‘DRQ (IN) 


t 
—_ SLWV - i 
RCS (OUT) a 


WE (OUT) 


00-07 OOCAOAOOOATACS Sam YO AY 
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DIRECT BUFFER ACCESS READ 


Symbol Characteristic - Min Max Units 
tous DRQ High to RCS Low 0. ns 
benay RCS Low to RE Valid 0 20 ns 
tro RE Pulse Width Tcyc-20 ns 
lagen Data Valid to RE High | 10 ns 
haunt RE High to Data Invalid . 10 ns 
lar RE High to RE Low — Teyc-20, ns 
tarsH DRQ Low to RCS High 8*Tcyc 10*Tcyc ns 
tani RCS Highto RE Invalid 100 ns 
Meas RCS Low to RE Low 60 ns 
toraL DRQ Low to RE Low (1) 0 ns 
tQHSL 





DRAQ (IN) 
RCS (OUT) 
RE (OUT) 


DO-D7 


11853-022A 
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BURST DMA WRITE 

Symbol __- Characteristic Min ~ Max Units 

lean DACK Low to WE Low . 0 ns 

twion WE Low to DRQ High 75 ns 

twr WE Pulse Width 50 ns 

Wogan WE High to WE Low 80 ns 

ten Data Valid to WE High 25 ns 

taint WE High to DACK High 0 ns 

tna WE High to Data Invalid 5 ns 

tWLQH 
DRQ (OUT) 
t DLWL tWR t WHDH 
prokiwy —— = 
. tDVWH >— t WHDI 
es VYYYVVYVVYVYVYVY JV VV VY \ YYVVYYY 
po-07 KAA XK XX 
11853-0234 
BURST DMA READ 

Symbol Characteristic Min Max Units 

lepat DACK Low to RE Low 0 ns 

ee RE Low to DRQ High | 75 ns 

a RE Pulse Width 80 | ns 

teaa. REHightoRELow 80 ns 

eves RE Low to Data Valid 7 50 ns 

feng RE High to DACK High O ns 

toi RE High to Data Invalid 5 40 ns 


tTRLOH 
DRQ (OUT) 


tDLRL P tRD tRHDH all 
mm | LN pe 


*RLDV os ial 


0-07 XXX AO 


11853-024A 
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INTRQ . 
Symbol Characteristic Min - Max . Units 
lei. INTRQ High to RE Low ae 20 ns 
tay RE Pulse Width 180 ns 
tang: RE High to INTRQ Low 0 100 ns 
tin INTRQ Low to INTRQ High 100 ns 
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SCSI Interface 
ARBITRATION 
Symbol Characteristic Min Max Units 
tage BSY, SEL In High to BSY Out Low 12*Tcyc = 6*Tcyc ns 
tad BSY Out Low to BUS ID Out -50 50 ns 
tars. BSY Out Low to SEL Out Low | 2.2 us 
tBHBL tTBLSL 
BSY | 
tBLIO 
SEL 
DBx — — — —- —-_]|---—- -—-—--—— - 
Igroup — 9§$—- @— i re i a ir i ar arr rr arr rr er rr er 
Tgroup — — — — ii ii a a ai ai arr rrr el ae 


NOTE: Tgroup = signals driven by a Target = VO, C/D, MSG, REQ 


Igroup = signals driven by an Initiator = ATN, ACK 
. 11853-026A 
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SELECTING A TARGET (AS AN INITIATOR) 
Symbol Characteristic Min Max Units 





loss SEL Out Low to “OR-ED” ID Out 1.2 us 
lava “OR-ED” ID Out Valid to ACK, ATN Out 100 ns 
toa ACK, ATN Out Valid to BSY OutHigh = 100 ns 
t BSY Out High to BSY In Low Valid 400 ns 
BHBV ae 
tarsi BSY In Low to SEL Out High a 100 ns 
. = 
tBHBV 'BLSH 
SEL 
tSLOO 
aoa em 
tovao ———— ee t AOBH 
AN — — — — — — — — — 
ACK = — —— — — — — — 
Tgroup — — — —— a ek ee ge ee Bans epee ee a a 


NOTE: Tgroup = signals driven by a Target = 1/0, C/D, MSG, REQ 
RESPONSE TO SELECTION (AS A TARGET) : 
Symbol Characteristic Min Max _ Units 


11853-027A 


leas _ SEL in Low to BSY In High 0 ns 
tv “OR-ED” ID Valid In to BSY In High 0 ns 
teuae SEL Low , ID Valid, BSY Highto BSYLow 0.4 200 us 
te BSY Out Low to “OR-ED” ID Invalid In 0 ns 
Hapa BSY Out Low to SEL In High 0 ns 
tren ATN Valid In to SEL In High 0 ns 
one SEL In High to Tgroup Out 100 ns 


BSY 





NOTE: Tgroup = signals driven by a Target = VO, C/D, MSG, REQ 


11853-028A 
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RESELECTING AN INITIATOR (AS A TARGET) 


Symbol . Characteristic Min Max Units 
ne SEL Out Low to “OR-ED” ID Out 1.2 Us 
es “OR-ED” ID Out Valid to 1/O & Tgroup Out Valid 100 ns 
Lisa /O & Tgroup Out Validto BSY OutHigh = ~—- 100 ns 
tos BSY Out High to BSY In Low Valid - 400 ns 
tee BSY In Low to SEL Out High 100 ns 
Tt BHBV aa 
BSY ; : 
tsLoo 'BLSH 


NOTE: Tgroup = signals driven by a Target = C/D, MSG, REQ 
Igroup = signals driven by an Initiator = ATN, ACK 


_RESPONSE TO RESELECTION (AS AN INITIATOR) 


11853-029A 


Symbol Characteristic Min Max _ Units 
lia SEL In Low to BSY In High_ O07 ns 
ten “OR-ED” ID Valid In to BSY In High 0 ons 
tip 1/O In Low to BSY In High 0 ns 
tayao SEL Low , ID Valid , BSY High to Igroup Out 100 ns 
taveL Igroup Valid Out to. BSY Out Low 100 ns 
toyp BSY In High to BSY Out Low 0.4 200 Us 
tar or BSY Out Low to “OR-ED” ID Invalid In 0 ns 

- ter sy BSY Out Low to SEL In High 0 ons 
toupey SEL In High to BSY Out High 0 ns 


. BSY 


DBx 
Igroup 


Te) 





Tgroup = signals driven by a Target = C/D, MSG, REQ 
Igroup = signals driven by an Initiator = ATN, ACK 
*** BSY will still be driven by the reselecting target. 


11853-030A 
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RECEIVE ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 


Symbol Characteristic . ~ Min Max ‘Units 
lasce SEL In High to Phase Change In | 0 ns 
thor 1/O In Low to Data Bus TRISTATE 0 125 ns 
een: Phase Change In to REQ In Low 400 | ns 
t Data Valid In to REQ In Low ns 
t REQ In Low to ACK Out Low 175 ns 


—_- —_— 


ACK Out Low to REQ In High ns 
REQ In High to ACK Out High 175 ns 
ACK Out High to Phase Change In ns 


oe eg 
> DVD G ee) 
TONG Te oe 


0 
0 
ACK Out Low to Data Invalid In 0 ns 
0 
0 
0 


—_— 


AHPC 


t SHPC t DVRL 


ee eae Oe [__KRXXKXKXKX 


tipT | t AHPC 


NOTE: Phase = signals that define the bus phase C/D, MSG 
11853-031A 
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SEL 
DBx 
v0 
Phase 
REQ 
ACK 


ATN 


Symbol 


SHPC 


= 
QO 
1) 


DVARL 


eee 
e 
rm 


Characteristic 
SEL In High to Phase Change Out 


‘1/0 Out Low to Data Out 


Data Out Valid to REQ Out Low 
Phase Change Out to REQ Out Low 
REQ Out Low to ACK In Low 

ACK In Low to REQ Out High 

ACK In Low to Data Out Invalid 
REQ Out High to ACK In High 

ACK In High to Phase Change Out 
ACK In High to REQ Out Low 


100 


800 . 


55 


500 - 
vies 


0 
0 


100 


Max 


175 


175 


. Units 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 


SEND ASYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 
Min. - 





NOTE: Phase = signals that define the bus phase C/D, MSG 
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SEND ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR) 


SEL 


DBx 


ra 


Phase 


ACK 


ATN 





Symbol Characteristic Min Max — Units 
ae SEL In High to Phase Change In 0 ns 
tie 1/0 In High to Data Out 0 ns 
toort Phase Change In to REQ In Low 400. ns 
teraL REQ In Low to ACK Out Low 0 175 ns 
tovar Data Out Valid to ACK Out Low 55 ns 
tareuy ACK Out Low to REQ In High 0 ns 
tenay REQ In High to ACK Out High 0 175 ns 
tau ACK In High to Data Out Invalid 0 ns 
taripe ACK Out High to Phase Change In 0 ns 
YVVVV 
oe ST wAKK 
‘secre ee VATA 


tT RLAL 


NOTE: Phase = signals that define the bus phase C/D, MSG 


Am33C93A 
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RECEIVE ASYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET) 


Symbol ° Characteristic — Min -Max Units 
ae SEL In High to Phase Change Out « 100 ns 
tupr I/O Out High to Data Bus TRISTATE 0 ns 
tscae Phase Change to REQ Out Low 500 oe ns 
tira: REQ Out Low to ACK In Low 0 . ns 
tovaL Data In Valid to ACK In Low 5 ns 
taraH ACK In Low to REQ Out High 0 175° ns 
tau REQ Out High to Data In Invalid 0 ns 
TRHAH REQ Out High to ACK In High 0 ns 
taupe ACK In High to Phase Change Out 0 ns 
taHRL ACK In High to REQ Out Low 0 ~ 175 ns 
SEL 
FHT [EVAL | 
aay YYVVVVVVYV VW V VVVVVVVVV 
DB KNOX OO XA 
aa Ta —_ t RUDI 


vO 


ACK 
t AHRL ~ 
ATN 


NOTE: Phase = signals that define the bus phase CID, MSG 
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RECEIVE SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS AN INITIATOR) 


Symbol Characteristic Min Max Units 
lover Data Valid In to REQ In Low 0 ns 
tarp) REQ In Low to DATA Invalid 45 ns 
tocan REQ In Low to REQ In High 50 ns 
tauAL REQ In High to REQ In Low 50 ns 
tar an ACK Out Low to ACK Out High Tcyc-10 ns 
tanaL ACK Out High to ACK Out Low Tcyc-25 ns 
taripe ACK Out High to Phase Change 0 ns 
Parameters tooo ty pp ANd toon, are also applicable and are identical to those in Receive 


Asynchronous Information Transfer In (Acting as an Initiator), top of page 37. 


| 


Phase 


Be) 


> 


> 


v, — 
aE EE 
— t 
70 RLDI UXXXK) 





tRLR ——}\ t RHRL 
EQ t AHPC 
= ee 
- t ALAH t AHAL 
ATN = 


NOTE: Phase = signals that define the bus phase C/D, MSG 
11853-035A 
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SEND SYNCHRONOUS INFORMATION TRANSFER IN (ACTING AS A TARGET) 


Symbol Characteristic Min Max Units 
foveal Data Valid Out to REQ Out Low 55 ns 
ae _ REQ Out Low to Data Invalid 100 | ns 
teren _ REQ Out Low to REQ Out High Teyc-10 -— ns 
loupe ’ REQ Out High to REQ Out Low Tceyc-25 ns 
tar ay ACK In Low to ACK In High 50 ns 
tauaL ACK In High to ACK In Low 50 ns 
taupe ACK In High to Phase Change Out 0 ns 


Parameters tooo ty oo: aNd trop, are also applicable and are identical to those in Receive 
Asynchronous Information Transfer In (Acting as a Target), bottom of page 37. . 





aX SOC~CSSC“‘“‘“CS™*~*S 
t DVRL ; 
VO tRLDI YYYY 
Te IXY 
Phase 
REQ t AHPC 
t ALAH tAHAL 
ATN cela 
NOTE: Phase = signals that define the bus phase C/D, MSG 
11853-036A 
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' SEND SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS AN INITIATOR) 


Symbol Characteristic Min Max — Units 
tovat Data Valid Out to ACK Out Low D5 ns 
tarps ' ACK Out Low to Data Invalid 100 — ns 
terry REQ In Low to REQ In High 50 ns 
tauAL REQ In High to REQ In Low 50 ns 
ta aH ACK Out Low to ACK Out High Tcyc-10 ns 
tauAL ACK Out High to ACK Out Low Tcyc-25 ns 
taupe ACK Out High to Phase Change !n 0 ns 
Parameters tooo tring: ANd toop, are also applicable and are identical to those in Send 


Asynchronous Information Transfer In (Acting as a Target), bottom of page 39 and 40. 


Phase 





tALAH 


NOTE: Phase = signals that define the bus phase C/D, MSG 
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RECEIVE SYNCHRONOUS INFORMATION TRANSFER OUT (ACTING AS A TARGET) 


Symbol Characteristic Min Max Units 
tovaL Data Valid In to ACK In Low 0 ns 
taLot ACK In Low to Data Invalid 45 ns 
terry REQ Out Low to REQ Out High Tcyc-10 . ns 
touar REQ Out High to REQ OutLow —— Tcyc-25 ns 
tata ACK In Low to ACK In High - 50 ns 
tauaL ACK In High to ACK In Low 50 ns 
taupc ACK In High to Phase Change Out 0 ns 
Parameters t,,. tinge aNd t,,,, are also applicable and are identical to those in Send 


Synchronous Information Transfer Out (Acting as an Initiator), top of this page. 


Se: Dene eee 
t 


0 


Phase 





ATN 11853-0384 
NOTE: Phase = signals that define the bus phase C/D, MSG 
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ARBITRATION TO BUS FREE 
Symbol Characteristic Min Max — Units 
t SEL In Low 

to BSY High , Data TRI-STATE 8*Tcyc 475. ons 


SLBH 


BSY 


SEL 


DBx 
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SELECTION (AS AN INITIATOR) OR RESELECTION (AS A TARGET) TO BUS FREE 


(SELECTION TIMEOUT) 
Symbol Characteristic” Min _ Max Units 

trance Timeout or Abort to Data Bus Cleared 0 ns 

tices Data Bus Cleared to SEL Out High 200 is 

tear SEL Out High to Data Bus TRISTATE 800 ns 

teva SEL Out High to CNTL TRISTATE 800i 
‘BSY 
SEL 
DBx 
- Tgroup or 
Igroup 





NOTE: Tgroup = signals driven by a Target = I/O, C/D, MSG, REQ 
Igroup = signals driven by an Initiator = ATN, ACK 


11853-040A 
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CONNECTED-AS-AN-INITIATOR TO BUS FREE 


Symbol Characteristic Min Max Units 
ties BSY In High to Data Bus TRISTATE 8*Tcyc +75ns ns 
t BSY In High to igroup TRISTATE 8*Tcyc +75ns_ ns 


BHGT 


BSY 
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CONNECTED-AS-A-TARGET TO BUS FREE 


Symbol Characteristic Min Max Units 
taupy BSY Out High to Data Bus TRISTATE =——8*Tcyc +75ns_~—Ss ns 
t BSY Out High to Tgroup TRISTATE 8*Tcyc +75ns ns 


BHGT 





11853-042A 


Am33C93A 1-51 


Am53C80A 


SCSI Interface Controller 


DISTINCTIVE CHARACTERISTICS 
SCSI Interface 


™ Asynchronous interface to 4 megabytes per 
second 


Supports Initiator and Target roles 

Parity generation with optional checking 
Supports arbitration 

Direct control of all bus signals 
High-current outputs drive SCSI bus directly 


GENERAL DESCRIPTION 


The Am53C80A Small Computer Systems Interface 
(SCSI) Controlleris a CMOS device designed to accom- 
modate the SCSI as defined by the ANSI X3T9.2 com- 
mittee. The Am53C80A operates in both the Initiator 
and Target roles and can, therefore, be used in host 
adapter, host port, and formatter designs. This device 
supports Arbitration, including Reselection. Special 
high-current open-collector output drivers, capable of 
sinking 48 mA at 0.5 V, allow for direct connection to the 
SCSI Bus. 
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Advanced 
Micro 
Devices 


CPU Interface 

m@ Memory or I/O-mapped interface 
DMA or programmed I/O 

Normal or Block mode DMA 
Optional CPU interrupts 


The Am53C80A communicates with the system micro- 
processor as a peripheral device. The chip is controlled 
by reading and writing several internal registers which 
may be addressed as standard or memory-mapped I/O. 
Minimal processor intervention is required for DMA 
transfers because the Am53C80A controls the neces- 
sary handshake signals. The Am53C80A interrupts the 
CPU when it detects a bus condition that requires atten- 
tion. Normal and Block mode DMA is provided to match 
many popular DMA controllers. 


Publication# 10665 Rev. B Amendment/o 





Issue Date: November 1991 


AMD al 
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Register 


(Start DMA 

send, start 

DMA target 

receive, start is : Se 

DMA initiator —+—-—— — — —— — — : a oe ce es aids ce ee oe Sw es oe 
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CONNECTION DIAGRAMS 
Top View ; 
DIP PLCC 


1 
2 
3 
4 
5 
6 
7 
8 





10665B-003A 





10665B-002A 


Notes: 


~ Pin 1 is marked for orientation. 
*NC = No Connection 
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LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 





Am53C80A P Cc 


os OPTIONAL PROCESSING 


Blank = Standard processing 





TEMPERATURE RANGE | 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 

P = 48-Pin Plastic DIP (PD 048) 

J = 44-Pin Plastic Leaded Chip 
Carrier (PL 044) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am53C80A 
SCSI Interface Controller 


Valid Combinations Valid Combinations 
Am53C80A PC, JC Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the lo- 
; cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 

combinations. 
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PIN DESCRIPTION 
Microprocessor Interface Signals 
Ao—A2 

Address Lines (Input) 


These signals are used with CS, [OR or IOW 
all internal registers. 


cs 
Chip Select (Input, Active Low) 


CS enables a read or write of the internal register 
selected by Ao-Az. 


DACK 
DMA Acknowledge (input, Active Low) 


DACK resets DRQ and selects the data register for input 
or output data transfers. 


DRQ 
DMA Request (Output) 


DRQ indicates that the data register is ready to be read 
orwritten. DRQ occurs only if DMA mode is TRUE in the 
Command Register. DRQ is cleared by DACK. 


Do — D7 
Data Lines (Input/Output; Three-State, Active HIGH) 


Bidirectional microprocessor data bus lines. 


EOP 
End of Process (Input, Active Low) 


EOP is used to terminate a DMA transfer. If asserted 
during a DMA cycle, the current byte will be transferred, 
but no additional bytes will be requested. 


IOR 
/O Read (Input, Active LOW) 


1ORis used to aread asn internal register selected by CS 
and Ao— Az. It also selects the Input Data Register when 
used with DACK. 


lIOW 
1/0 Write (Input, Active LOW) 


OW is used to write an internal register selected by CS 
and Ao — Az. It also selects the Output Data Register 
when used with DACK. 


IRQ 

Interrupt Request (Output) 

IRQ alerts a microprocessor of an error condition or an 
event completion. 


READY 
Ready (Output) 


READY can be used to control the speed of Block mode 
DMA transfers. This signal goes active to indicate the 
Chip is ready to send/receive data and remains FALSE 
after a transfer until the last byte is sent or until the DMA 
MODE bit is reset. 


to address 
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RESET 


Reset (Input, Active Low) 


RESET clears all the SCSI controller registers. It does 
not force the SCS! RST signal to the active state. 


Power signals 


Vop 
+5-Volt Power Supply 


GND 
Ground 


SCSI Interface Signals 


The following signals are all bidirectional, active-Low, 
open-collector signals. With 48-mA sink capability, all 
pins interface directly with the SCSI Bus. 


ACK 
Acknowledge (Input/Output; Open Collector, 
Active Low) 


Driven by an Initiator, ACK indicates an acknowledg- 
ment for a REQ/ACK data-transfer handshake. In the 
Target role, ACK is received as a response to the REQ 
signal. 


AIN 
Attention (Input/Output; Open Collector, 
Active Low) 


Driven by an Initiator, ATN indicates an Attention condi- 
tion. This signal is received in the Target role. 


BSY | 
Busy (Input/Output; Open Collector, Active Low) 


This signal indicates that the SCSI Bus is being used 
and can be driven by both the Initiator and the Target 
device. 


C/D 
Control/Data (Input/Output; Open Collector, 
Active Low) — 


A signal driven by the Target, C/D indicates Control or 
Data information is on the Data Bus. This signal is re- 
ceived by the Initiator. 


ie) 
Input/Output (Input/Output; Open Collector, 
Active Low) 


1/0 is a signal driven by a Target which controls the di- 
rection of data movement on the SCS! Bus. TRUE indi- 
cates input to the intitiator. This signal is also used to 
distinguish between Selection and Reselection phases. 


Am53C80A 1-57 


al AMD 


MSG 

Message (Input/Output; Open Collector, Active 
Low) 

MSGis a signal driven by the Target during the Message 
phase. This signal is received by the Initiator. 


REQ 

Request (Input/Output; Open Collector, Active Low) 
Driven by a Target, REQ indicates a request for a REQ/ 
ACK data-transfer handshake. This signal is received 
by the Initiator. 


RST 

SCSI Bus RESET ab alt bal Open Collector, 
Active Low) 

The RST Signal indicates an SCSI Bus RESET condi- 
tion. An internal 30 A pull up transistor is built-in to pre- 
vent spurious interrupts. 


DBo—-DB7, DBP 

Data Bits, Parity Bit (input/Output; Open Collector, 
Active Low) 

These eight data bits (DBo-DB7), plus a parity bit (DBP) 
form the Data Bus. DB7 is the most significant bit (MSB) 
and has the highest priority during the Arbitration phase. 
Data parity is odd. Parity is always generated and op- 
tionally checked. Parity is not valid during Arbitration. 


SEL 
Select (Input/Output; Open Collector, Active Low) 


SEL is used by an Initiator to select a Target, or by a Tar- 
get to reselect an Initiator. 
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FUNCTIONAL DESCRIPTION 
General 


The Am53C80A Small Computer Systems Interface - 


(SCSI) device appears as a set of eight registers to the 
controlling CPU. By reading and writing the appropriate 
registers, the CPU may initiate any SCS] Bus activity or 
may sample and assert any signal on the SCS! Bus. 
This allows the user to implement all or portions of the 
SCSI protocol in software. These registers are read 
(written) by activating CS with an address on Ao—Az and 
then issuing anlOR (l1OW) pulse. This section describes 
the operation of the internal registers. 


Table 1. Register Summary 





Address 
A2 | A1| Ao| Register Name 

0 Current SCSI Data 

Oo; Of O Output Data 

oOo}; Oo} 1 Initiator Command 

Oo| 1] 0 Mode 

Oo; 1] 1 Target Command 

1] 0} 0 Current SCSI Bus Status 
1] 014 0 Select Enable 

1]; 0]°1 Bus and Status 

1]; 07 1 Start DMA Send 

1] 11 0 Input Data 

1] 17 0 Start DMA Target ReseWve 
1] 1) 1 Reset Parity/Interrupts 
1/1] 1 Start DMA Initiator Receive 


Data Registers 


The data registers are used to transfer SCSI com- 
mands, data, status, and message bytes between the 
microprocessor Data Bus: and the SCSI Bus. The 
Am53C80A does not interpret any information that 
passes through the data registers. The data registers 
consist of the transparent Current SCSI Data Register, 
the Output Data Register, and the Input Data Register. 


Current SCSI Data Register—Address 0 
(Read Only) 


The Current SCSI Data Register is a read-only register 
that allows the microprocessor to read the active SCSI 
Data Bus. This is accomplished by activating CS with an 
address on Az-Ao of 000 and issuing an IOR pulse: If 
parity checking is enabled, the SCSI Bus parity is 
checked at the beginning of the read cycle. This register 
is used during a programmed I/O data read or during Ar- 
bitration to check for higher priority arbitrating devices. 
Parity is not guaranteed valid during Arbitration. 


Figure 1. Current SCSI Data Register 


Output Data Register—Address 0 (Write Only) 


The Output Data Register is a write-only register that is 
used to send data to the SCSI Bus. This is accomplished 
by either using a normal CPU write, or under DMA con- 
trol, by using IOW and DACK. This register is also used 
to assert the proper ID bits or the SCSI Bus during the 
Arbitration and Selection phases. 


7 6 5 4 3 2 1 0 


Figure 2. Output Data Register 


Input Data Register—Address 6 (Read Only) 


The Input Data Register is a read-only register that is 
used to read latched data from the SCSI Bus. Data is 
latched either during a DMA Target receive operation 
when ACK goes active or during a DMA Initiator receive 
when REQ goes active. The DMA Mode bit (port 2, bit 1) 
must be set before data can be latched in the Input Data 
Register. This register may be read under DMA control 
using IOR and DACK. Parity is optionally checked when 
the Input Data Register is loaded. 


DB7 DBs DBs DB, DB3 DBo DB, DBo 


Figure 3. Input Data Register 
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Initiator Command Register—Address 1 
(Read/Write) 


The Initiator Command Register is a read/write register 
that is used to assert certain SCSI Bus signals, to moni- 
tor those signals, and to monitor the progress of bus ar- 
bitration. Many of these bits are significant only when 
being used as Initiators; however, most can be used 
during Target role operation. 


y Ge 5 4. 8 2° 4 O- 
Assert AIP LA Assert Assert Assert Assert Assert 
RST: oo ACK - BSY ‘SEL AIN pale 
: us 


Figure 4-1. 
Initiator Command Register—Register Read 


7 6 5 4 3 2 1 0 
Assert Test Diff Assert Assert Assert Assert Assert 
RST Mode Enb! ACK _BSY SEL ATN Data 
us 


Figure 4-2. 
Initiator Command Register—Register Write 


The following describes the operation of all bits in the 
Initiator Command Register. 


Bit 7—Assert RST 


Whenever a one is written to bit 7 of the Initiator Com- 
mand Register, the RST signal is asserted on the SCSI 
Bus. The RST signal will remain asserted until this bit is 
reset or until an external RESET occurs. After this bit is 
set (1), |RQ goes active and all internal logic and control 
registers are reset (except for the interrupt latch and the 
Assert RST bit). Writing a zero to bit 7 of the Initiator 
Command Register de-asserts the RST signal. Reading 
this register simply reflects the status of this bit. 


Bit 6—AIP (Arbitration in Progress) (Read Bit) 


This bit is used to determine if Arbitration is in progress. 
For this bit to be active, the Arbitrate bit (port 2, bit 0) 


must have been set previously. It indicates that a Bus- . 


Free condition has been detected and that the chip has 
asserted BSY and the contents of the Output Data Reg- 
ister (port 0) onto the SCSI Bus. AIP will remain active 
until the Arbitrate bit is reset. 


Bit 6—Test Mode (Write Bit) 


This bit may be written during a test environment to 
disable all output drivers, effectively removing the 
Am53C80A from the circuit. Resetting this bit returns 
the part to normal operation. 


Bit 5—LA (Lost Arbitration) (Read Bit) 


This bit, when active, indicates that the AmM53C80A de- 
tected a Bus-Free condition, arbitrated foruse of the bus 
by asserting BSY andits ID on the Data Bus, and lost Ar- 


bitration due to SEL being asserted by another bus de- 
vice. For this bit to be active, the Arbitrate bit (port 2, 
bit 0) must be active. 


Bit 5—Diff Enbl (Differential Enable) (Write Bit) 


This bit should be written with a zero for proper 
operation. 


Bit 4—Assert ACK 


This bit is used by the bus initiator to assert ACK on the 
SCS] Bus. In order to assert ACK, the Targetmode bit 
(port 2, bit6) must be False. Writing a zero to this bit re- 
sets ACK on the SCSI Bus. Reading this register simply 
reflects the status of this bit. 


Bit 3—Assert BSY 


Writing a one (1) into this bit position asserts BS BSY onto 
the SCSI Bus. Conversely, a zero resets the BSY signal. 
Asserting BSY indicates a successful selection or 
reselection and resetting this bit creates a Bus-Discon- 
nect condition. Reading this register simply reflects the 
status of this bit. 


Bit 2—Assert SEL 


Writing a one (1) into this bit position asserts SEL onto 
the SCSI Bus. SEL is normally asserted after Arbitra- 
tion has been successfully completed. SEL may be de- 
asserted by resetting this bit to a zero. A read of this 
register simply reflects the status of this bit. 


Bit 1—Assert ATN 


ATN may be asserted on the SCSI Bus by setting this bit 
to aone (1) if the Targetmode bit (port 2, bit 6) is False. 
ATN is normally asserted by the initiator to request a 
Message Out bus phase. Note that since Assert SEL 
and Assert ATN are in the same register, a: ‘select with 
ATN may be implemented with one CPU write. ATN may 
be de-asserted by resetting this bit to zero. Aread of this 
register simply reflects the status of this bit. 


Bit O—Assert Data Bus 


The Assert Data Bus bit, when set, allows the contents 
of the Output Data Register to be enabled as chip out- 
puts on the signals DBo—DB7. Parity is also generated 
and asserted on DBP. ' 


When connected as an initiator, the outputs are only 
enabled if the Tar. argetmode bit (port 2, bit 6) is False, the 
received signal I/O is False, and the phase signals (C/D, 
1/0, and MSG) match the contents of the Assert C/D, 
Assert.1/O, and meson MSG in the uae Command 
Register. 


This bit should also be set during DMA send operations. 


Mode Register—Address 2 (Read/Write) 


The Mode Register is used to control the operation of 
the chip. This register determines whether the 
Am53C80A operates as an Initiator or a Target, whether 
DMA transfers are being used, whether parity is 
checked, and whether interrupts are generated on 
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various external conditions. This register may be read to 
check the value of these internal control bits. Figure 5 
describes the operation of these control bits. 


7 6 5 4 3 2 1 0 


Block Target Enb! Enbl Enbl Monitor DMA Arbi- 
Mode Mode Shack: Parity EOP Busy Mode trate 
DMA Check- Inter-  Inter- 

ing rupt  rupt 


_ Figure 5. Mode Register 


Bit 7—Block Mode DMA 


The Block Mode DMA bit controls the characteristics of 
the DMA DRQ-DACK handshake. When this bit is reset 
(0) and the DMA Mode bit is active (1), the DMA hand- 
shake uses the normal interlocked handshake, and the 
rising edge of DACK indicates the end of each byte be- 
ing transferred. In block mode operations, Block Mode 
DMA bit set (1), and DMA Mode bit set (1), the end of 
TOR or TOW signifies the end of each byte transferred 
and DACK is allowed to remain active throughout the 
DMA operation. Ready can then be used to request the 
next transfer. 








' Bit 6—Targetmode 


The Targetmode bit allows the Am53C80A to operate as 
either an SCSI Bus Initiator, bit reset (0), or as an SCSI 
Bus Target device, bit set (1). In order for the signals 
ATN and ACK to be asserted on the SCSI Bus, the Tar- 
getmode bit must be reset (0). In order for the signals 
C/D, 1/0, MSG, and REQ to be asserted on the SCSI 
Bus, the Targetmode bit must be set (1). 


Bit 5—Enable Parity Checking 


The Enable Parity Checking bit determines whether par- 
ity errors will be ignored or saved in the parity error latch. 
If this bit is reset (0), parity will be ignored. Conversely, if 
this bit is set (1), parity errors will be saved. 


Bit 4—Enable Parity Interrupt 


The Enable Parity Interrupt bit, when set (1), will cause 
an interrupt (IRQ) to occur if a parity error is detected. A 
parity interrupt will only be generated if the Enable Parity 
Checking bit (bit 5) is also enabled (1). 


Bit 3—Enable EOP Interrupt. 


The Enable EOP Interrupt bit, when set (1), causes an 
interrupt to occur when the EOP (End of Process) signal 
is received from the DMA controller logic. 


Bit 2—Monitor Busy 


The Monitor Busy bit, when True (1), causes an interrupt 
to be generated for an unexpected loss of BSY. When 
the interrupt is generated due to loss of BSY, the lower 
six bits of the Initiator Command Register are reset (0) 
and all signals are removed from the SCS! Bus. 
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Bit 1—DMA Mode 


The DMA Mode bit is normally used to enable a DMA 
transfer and must be set (1) prior to writing ports 5 
through 7. Ports 5 through 7 are used to start DMA trans- 
fers. The Targetmode bit (port 2, bit 6) must be consis- 
tent with writes to port 6 and 7 [i.e., set (1) for a write to 
port 6 and reset (0) for a write to port 7}. The control bit 
Assert Data Bus (port 1, bit 0) must be True (1) for all 
DMA send operations. In the DMA mode, REQ and ACK 
are automatically controlled. — 


The DMA Mode bit is not reset upon the receipt of an 
EOP signal. Any DMA transfer may be stopped by writ- 
ing a zero into this bit location; however, care must be 
taken not to cause CS and DACK to be active simultane- 
ously. 





Bit O—Arbitrate 


The Arbitrate bit is set (1) to start the Arbitration process. 
Prior to setting this bit, the Output Data Register should 
contain the proper SCSI device ID value. Only one data 
bit should be active for SCSI Bus Arbitration. The 
Am53C80A will wait for a Bus-Free condition before en- 
tering the Arbitration phase. The results of the Arbitra- 
tion phase may be determined by reading the status bits 
LA and AIP (port 1, bits 5 and 6, respectively). 


Target Command Register—Address 3 
(Read/Write) 


When connected as a target device, the Target Com- 
mand Register allows the CPU to control the SCSI Bus 
Information Transfer phase and/or to assert REQ simply 
by writing this register. The Targetmode bit (port 2, bit 6) 
must be True (1) for bus assertion to occur. The SCSI 
Bus phases are described in Table 2. 


Table 2. SCSI Information Transfer Phases 


Assert | Assert 
vO" | -C/D 
0 0 







Bus Phase 








Data Out 0 
Unspecified 1 
Command 0 
Message Out 1 
Data In 0 
Unspecified 1 
Status 0 

1 


Message In 


When connected as an Initiator with DMA Mode True, if 
the phase lines (1/0, C/D, and MSG) do not match the . 


. phase bits in the Target Command Register, a phase- 


mismatch interrupt is generated when REQ goes active. 
In order to send data as an Initiator, the Assert 1/0, As- 
sert C/D, and Assert MSG bits must match the corre- 
sponding bits in the Current SCSI Bus Status Register 
(port 4). The Assert REQ bit (bit3) has no meaning when 
operating as an Initiator. 
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Last xX Xx X Assert Assert Assert Assert 
ae REQ MSG GD TO 


Figure 6. Target Command Register 


_ The Am53C80A uses bit 7 of this register to determine 
when the last byte of a DMA transfer is sent to the SCSI 
Bus. This flag is necessary since the end of DMA bit in 
the Bus and Status Register only reflects when the last 
byte was received from the DMA. 


Current SCSI Bus Status Register— 
Address 4 (Read Only) 


The Current SCSI Bus Status Register is a read-only 
register that is used to monitor seven SCSI Bus control 
signals plus the Data Bus parity bit. For example, an In- 
itiator device can use this register to determine the cur- 
rent bus phase and to poll REQ for pending data 
transfers. This register may also be used to determine 
why a particular interrupt occurred. Figure 7 describes 
the Current SCSI Bus Status Register. 


7 6 5&5 4 #3 #2 1 0 


ST BSY REQ MSG. C/D I EL BP 


Figure 7. Current SCSI Bus Status Register 


Select Enable negister=Audles’ 4 
(Write Only) . 


The Select Enable Register is a write-only register 
which is used as a mask to monitor a signal ID during a 
selection attempt. The simultaneous occurrence of the 
correct ID bit, BSY False, and SEL True will cause an in- 
terrupt. This interrupt can be disabled by resetting all 
bits in this register. If the Enable Parity Checking bit 
(port 2, bit 5) is active (1), parity will be checked during 
selection. 


6 5 4 3 2 1 


B7 DBs DBs DB, DBg DB» DB, DBo 


Figure 8. Select Enable Register 


Bus and Status Register—Address 5 5 
(Read Only) 


The Bus and Status Register is a read-only register that 
can be used to monitor the remaining SCSI control 
signals not found in the Current SCS! Bus Status Reg- 
ister (ATN and ACK), as well as six other status bits. In- 
dividual descriptions of each bit of the Bus and Status 
Register follow. 


7 6 5 4 3 2 1 0 


End DMA Parity Inter- Phase Busy AIN ACK 
of Re- Error rupt Match Error 
DMA quest Re- 

quest 

Active 


Figure 9. Bus and Status Register 


Bit 7—End of DMA Transfer 


- The End of DMA Transfer bit is set if EOP, DACK, and 


either |OR or OW are simultaneously active for at least 
100 ns. Since the EOP signal can occur during the last 
byte sent to the Output Data Register (port 0), the REQ 
and ACK signals should be monitored to ensure that the 
last byte has been transferred. This bit is reset when the 
DMA Mode bit is reset (0) in the Mode Register (port 2). 


Bit 6—DMA Request 


The DMA Request bit allows the CPU to sample the out- 
put pin DRQ. DRQcanbeclearedby assertingDACKor . 
by resetting the DMA Mode bit (bit 1) in the Mode Regis- 
ter (port 2). The DRQ signal does not reset when a 
phase-mismatch interrupt occurs. © 


Bit 5—Parity Error 


This bit is set if a parity error occurs during a data receive 
or adevice selection. The Parity Error bit can only be set 
(1).if the Enable Parity Check bit (port 2, bit 5) is active 
(1). This bit may be cleared by reading the Reset Parity/ 
Interrupt Register (port 7). 


Bit 4—Interrupt Request Active 


This bit is set if an enabled interrupt condition occurs. It 
reflects the current state of the IRQ output and can be 
cleared by reading the Reset Parity/Interrupt Register 
(port 7). 


Bit 3—Phase Match 


The SCSI signals, MSG, C/D, and I/O, represent the 
current Information Transfer phase. The Phase Match 
bit indicates whether the current SCS! Bus phase 
matches the lower 3 bits of the Target Command Regis- 
ter. Phase Match is continuously updated and is only 
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significant when operating as a Bus Initiator. A phase 
match is required for data transfers to occur onthe SCSI 
Bus. 


Bit 2—Busy Error 


The Busy Error bit is active if an unexpected loss of the 
BSY signal has occurred. This latch is set whenever the 
Monitor Busy bit (port 2, bit 2) is True and BSY is False. 
An unexpected loss of BSY will disable any SCSI out- 
puts and will reset the DMA Mode bit (port 2, bit 1). 


Bit 1—ATN 


This bit reflects the condition of the SCS! Bus control 
signal ATN. This signal is normally monitored by the 
Target device. 


Bit O—ACK 


This bit_reflects the condition of the SCSI Bus control 
signal ACK. This signal is normally monitored by the 
Target device. 


DMA Registers 


Three write-only registers are used to initiate all DMA 
activity. They are Start DMA Send (port 5), Start DMA 
Target Receive (port 6), and Start DMA Initiator Receive 
(port 7). Simply writing these registers starts the DMA 
transfers. Data presented to the Am53C80A on signals 
Do—D7 during the register write is meaningless and has 
no effect on the operation. Prior to writing these regis- 
ters, the Block Mode DMA bit (bit 7), the DMA Mode bit 
(bit 1) and the Targetmode bit (bit 6) in the Mode Regis- 
ter (port 2) must be appropriately set. The individual reg- 
isters are briefly described as follows. 


Start DMA Send—Address 5 (Write Only) 


This register is written to initiate a DMA send, from the 
DMA to the SCSI Bus, for either Initiator or Target role 
operations. The DMA Mode bit (port 2, bit 1) must be set 
prior to writing this register. 


Start DMA Target Receive—Address 6 (Write Only) 


This register is written to initiate a DMA receive—from 
the SCSI Bus to the DMA—for Target operation only. 
The DMA Mode bit (bit 1) and the Targetmode bit (bit 6) 
inthe Mode Register (port 2) must both be set (1) prior to 
writing this register. 


Start DMA Initiator Receive—Address 7 
(Write Only) 


This register is written to initiate a DMA receive—from 
the SCSI Bus to the DMA, for Initiator operation only. 
The DMA Mode bit (bit 6) must be False (0) in the Mode 
Register (port 2) prior to writing this register. 


Reset Parity/Interrupt—Address 7 (Read Only) 


Reading this register resets the Parity Error bit (bit 5), 
the Interrupt Request bit (bit 4), and the Busy Error bit 
(bit 2) in the Bus and Status Register (port 5). 


On-Chip SCSI Hardware Support 


The Am53C80A is easy to use because of its simple ar- 
chitecture. The chip allows direct control and monitoring 
of the SCSI Bus by providing a latch for each signal. 
However, portions of the protocol define timings that are 
much too quick for traditional microprocessors to con- 
trol. Therefore, hardware support has been provided for 
DMA transfers, bus arbitration, phase-change monitor- 
ing, bus disconnection, bus reset, parity generation, 
parity checking, and device selection/reselection. 


Arbitration is accomplished using a Bus-Free filter to 
continuously monitor BSY. If BSY remains inactive for at 
least 400 ns, then the SCSI Bus is considered free and 
Arbitration may begin. Arbitration will begin if the bus is 
free, SEL is inactive, and the Arbitration bit (port 2, bit 0) 
is active. Once arbitration has begun (BSY asserted), an 
arbitration delay of 2.2 ps must elapse before the Data 
Bus can be examined to determine if Arbitration has 
been won. This delay must be implemented in the con- 
trolling software driver. 


The Am53C80A has no clock. Delays such as bus-free 
delay, bus-set delay, and bus-settle delay are imple- 
mented using gate delays. These delays may differ be- 
tween devices because of inherent process variations, 
but are well within the proposed ANSI X3T9.2 
specification. 


Interrupts 7 


The Am53C80A provides an interrupt output (IRQ) to in- 
dicate a task completion or an abnormal bus occur- 
rence. The use of interrupts is optional and may be 
disabied by resetting the appropriate bits in the Mode 
Register (port 2) or the Select Enable Register (port 4). 


When an interrupt occurs, the Bus and Status Register 
and the Current SCSI Bus Status Register must be read 
to determine which condition created the interrupt. IRQ 
canbe reset simply by reading the Reset Parity/Interrupt 
Register (port 7) or by an external chip reset (RESET 
active for 200 ns). 


Assuming the Am53C80A has been properly initialized, 
an interrupt will be generated if the chip is selected or 
reselected, if an EOP signal occurs during a DMA trans- 
fer, if an SCSI Bus reset occurs, if a parity error occurs 
during a data transfer, if a bus phase mismatch occurs, 
or if an SCSI Bus disconnection occurs. 


Selection/Reselection 


The Am53C80A can generate a select t interrupt if SEL is 
True (1), its device ID is True (1), and BSYi is False for at 
least a bus-settle delay (400 ns). If I/O is active, this 
should be considered a reselect interrupt. The correct ID 
bit is determined by a match in the Select Enable Regis- 
ter (port 4). Only a single bit match is required to gener- 
ate an interrupt. This interrupt may be disabled by 
writing zeros into all bits of the Select Enable Register. 
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If parity is supported, parity should also be good during 
the selection phase. Therefore, if the Enable Parity bit 
(port 2, bit 5) is active, then the Parity Error bit should be 
checked to ensure that a proper selection has occurred. 
The Enable Parity Interrupt bit need not be set for this 
interrupt to be generated. 


The proposed SCSI! specification also requires that no 
more than two device IDs be active during the selection 
process. To ensure this, the Current SCS! Data Register 
(port 0) should be read. 


The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) are 
displayed in Figures 10 and 11, respectively. 


7 6 5 4 3 2 1 0 
End DMA Parity Inter- Phase Busy ATN ACK 
of Re- Error rupt Match Error 
DMA. quest Re- 


quest 
Active 


Figure 10. Bus and Status Register 





Figure 11. Current SCSI Bus Status Register 


End of Process (EOP) Interrupt 


An End of Process (EOP) signal which occurs during a 
DMA transfer (DMA Mode True) will set the End of DMA 
Status bit (port 5, bit 7) and will optionally generate an 
interrupt if the Enable EOP Interrupt bit (port 2, bit 3) is 
True. The EOP pulse will not be recognized (End Of 
DMA bit set) unless EOP, DACK, and either OR or OW 
are concurrently active for at least 100 ns. DMA trans- 
fers can still occur if EOP was not asserted at the correct 
time. This interrupt can be disabled by resetting the En- 
able EOP Interrupt bit. 


The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) for 
this interrupt are shown in Figures 12 and 13, 

respectively. | 





7 6 5 4. 3 2 1 0 
End DMA Parity Inter- Phase Busy AIN ACK 
of Re- Error rupt Match Error 
DMA quest Re- 

quest 

Active 


Figure 12. Bus and Status Register 





SEL DBP 


RST BSY REQ MSG CD 10 


Figure 13. Current SCSI Bus Status Register 


The End of DMA bit is used to determine when a block 
transfer is complete. Receive operations are complete 
when there is no data left in the chip and no additional 
handshakes occurring. The only exception to this is re- 
ceiving data as an Initiator when the Target opts to send 
additional data for the same phase. In this case, REQ 
goes active and the new datais present inthe Input Data 
Register. Since a phase-mismatch interrupt will not oc- 
cur, REQ and ACK need to be sampled to determine that 
the Target is attempting to send more data. 


For send operations, the End of DMA bit is set when the 
DMA finishes its transfer, but the SCSI transfer may still 
be in progress. If connected as a Target, REQ and ACK 
should be sampled until both are False. If connected as 
an Initiator, aphase change interrupt can be used to sig- 
nal the completion of the previous phase. It is possible 
for the Target to request additional data for the same 
phase. In this case, a phase change will not occur and 
both REQ and ACK must be sampled to determine when 
the last byte was transferred. 


SCSI Bus Reset 


The Am53C80A generates an interrupt when the RST 
signal transitions to True. The device releases all bus 
signals within a bus-clear delay (800 ns) of this transi- 
tion. This interrupt also occurs after setting the Assert 
RST bit (port 1, bit 7). This interrupt cannot be disabled. 
(Note: RSTis not latched in bit 7 of the Current SCSI Bus 
Status Register and may not be active when this port is 
read. For this case, the Bus Reset interrupt may be de-. 
termined by default. ) 
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The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) 
are displayed in Figures 14 and 15, respectively. 


7 6 5 4 3 2 1 0 
End DMA Parity Inter- Phase Busy AIN ACK 
of Re- Error rupt Match Error 


DMA quest Re- 
quest 
Active 


Figure 14. Bus and Status Register 





RST BSY REQ MSG C/I WO SEL DBP 
Figure 15. Current SCSI Bus Status Register 


Parity Error 


Aninterrupt is generated for a received parity error ifthe 
Enable Parity Check (bit 5) and the Enable Parity Inter- 
rupt (bit 4) bits are set (1) in the Mode Register (port 2). 
Parity is checked during a read of the Current SCS! Data 
Register (port 0) and during a DMA receive operation. A 
parity error canbe detected without generating an inter- 
rupt. by disabling the Enable Parity Interrupt bit and 
checking the Parity Error flag (port 5, bit 5). - 


The proper values for the Bus and Status Register (port 
5) andthe Current SCSI Bus Status Register (port 4) are 
displayed in Figures 16 and 17, respectively. 


ae DMA Parity Inter- Phase Busy ATN ACK 


Re- Error rupt Match Error 
DMA quest Re- 
quest 
. Active 


Figure 16. Bus and Status Register - 





RST BSY.REQ MSG GD TO SEL DBP 


Figure 17. Current SCSI Bus Status Register 


Bus Phase Mismatch 


The SCSI phase lines are composed of the signals I/O, 
C/D, and MSG. These signals are compared with the 
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corresponding bits in the Target Command Register: 
Assert /O (bit 0), Assert C/D (bit 1), and Assert MSG (bit 
2). The comparison occurs continually and is reflected in 
the Phase Match bit (bit 3) of the Bus and Status Regis- 
ter (port 5). If the DMA Mode bit (port 2, bit 1) is active 
and a phase mismatch occurs when REQ changes from 
False to True, an interrupt (IRQ) is generated. 


Aphase mismatch prevents the recognition of REQ and 
removes the chip from the bus during an initiator send 
operation [DBo-DB7 and DBP will not be driven even 
though the Assert Data Bus bit (port 1, bit 0) is active]. 
This interrupt is only significant when connected as an 
initiator and may be disabled by resetting the DMA 
Mode bit. (Note: !t is possible for this interrupt to occur 


~ when connected as a Target if another device is driving 


the phase lines to a different state.) 


The proper values for the Bus and Status Register (port 
5) andthe Current SCSI Bus Status Register (port 4) are 
displayed in Figures 18 and 19, respectively. 


7 6 5 4 3 2 1 0 
End DMA Parity Inter- Phase Busy AIN ACK 
of Re- Error rupt Match Error 

DMA quest Re- 


quest 
Active 


Figure 18. Bus and Status Register 





RST BSY REQ MSG CD VO SEL DBP 


Figure 19. Current SCSI Bus Status Register 


Loss of BSY 


If the Monitor Busy bit (bit 2) in the Mode Register (port 
2) is active, an interrupt will be generated if the BSY sig- 
nal goes False for at least a bus-settle delay (400 ns). 
This interrupt may be disabled by resetting the Monitor 
Busy bit. Register values are displayed in Figures 20 
and 21. 


7 6 5 4 3 2 1° Oo 
cease pel lee 
End DMA Parity Inter- Phase Busy ATN ACK 

of Re-- Error rupt Match Error 
DMA quest Re- 


quest 
Active 


Figure 20. Bus and Status Register 
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SEL DBP 


RST BSY REQ MSG CD TO 


Figure 21. Current SCSI Bus Status Register 


Reset Conditions 


Three possible reset situations exist with the 
Am53C80A. 


Hardware Chip Reset 


When the signal RST is active for at least 200 ns, the 
Am53C80A device is re-initialized and all internal logic 
and control registers of SCSI are cleared. This is a chip 
reset only and does not create an SCSI Bus-Reset con- 
dition. 


SCSI Bus Reset (RST) Received 


When an SCSI RST signal is received, an IRQ interrupt 
is generated and a SCS! chip reset is performed. All in- 
ternal logic and registers are cleared, except forthe IRQ 
interrupt latch and the Assert RST bit (bit 7) in n the Initia- 
tor Command Register (port 1). (Note: The RST signal 
may be sampled by reading the Current SCSI Bus 
Status Register (port 4); however, this signal is not 
latched and may not be present when this port is read.) 


SCSI Bus Reset (RST) Issued 


If the CPU sets the Assert RST bit (bit 7) in the Initiator 
Command Register (port 1), the RST signal goes active 
on the SCSI Bus and an internal reset is performed. 
Again, all internal logic and registers are cleared except 
forthe IRQ interrupt latch and the Assert RST bit (bit 7) in 
the Initiator Command Register (port 1). The RST signal 
will continue to be active until the Assert RST bit is reset 
or until a hardware reset occurs. 


Data Transfers 


Data may be transferred between SCSI Bus devices in 
one of four modes: (1) Programmed I/O, (2) Normal 
DMA, (3) Block Mode DMA, or (4) Pseudo DMA. The fol- 
lowing sections describe these modes in detail. (Note: 
For all data transfer operations, DACK and CS should 
never be active simultaneously.) 


Programmed I/O Transfers 


Programmed I/O is the most primitive form of data trans- 
fer. The REQ and ACK handshake signals are individu- 
ally monitored and asserted by reading and writing the 
appropriate register bits. This type of transfer is nor- 
mally used when transferring small blocks of data, such 
as command blocks or message and status bytes. 


An An Initiator send end operation would begin by setting the 
C/D, 1/0, and MSG bits inthe Target Command Register 
to the correct state so that a phase match exists. In addi- 


tion to the phase match condition, it is necessary for the 
Assert Data Bus bit (port 1, bit 0) to be True and the 
received I/O signal to be False for the Am53C80A to 
send data. 


For each transfer, the data is loaded into the Output 
Data Register (port 0). The CPU then waits for the REQ 
bit (port 4, bit 5) to become active. Once REQ goes ac- 
tive, the Phase Match bit (port 5, bit 3) is checked and 
the Assert ACK bit (port 1, bit 4) is set. The REQ bit is 
sampled until it becomes False and the CPU resets the 
Assert ACK bit to complete the transfer. 


Normal DMA Mode 


DMA transfers are normally used for large block trans- 
fers. The SCSI chip outputs a DMA request (DRQ) 
whenever it is ready for a byte transfer. External DMA 
logic uses this DRQ signal to generate DACK and an 
lORor anlOW pulse to the Am53C80A. DRQ goes inac- 
tive when DACK is asserted, and DACK goes inactive 
some time after the minimum read or write pulse width. 
This process is repeated for every byte. For this mode, 
DACK should not be allowed to cycle unless a transferi is 
taking place. 








Block Mode DMA 


Some popular DMA controllers such as the Am9517A 
provide a Block Mode DMA transfer. This type of trans- 
fer allows the DMA controller to transfer blocks of data 
without relinquishing the use of the Data Bus to the CPU 
after each byte is transferred; thus, faster transfer rates 
are achieved by eliminating the repetitive access and 
release of the CPU Bus. 


If the Block Mode DMA bit (port 2, bit 7) is active, the 
Am53C80A will begin the transfer by asserting DRQ. 
The DMA controller then asserts DACK for the remain- 
der of the block transfer. DRQ goes inactive forthe dura- 
tion of the transfer. 


Non-Block Mode DMA transfers end when DACK goes 
False, whereas Block mode transfers end when IOR or 
IOW becomes inactive. Since this is the case, DMA 
transfers may be started sooner in a Block Mode 
transfer. 


To obtain optimum performance in Block Mode opera- 
tion, the DMA logic may optionally use the normal DMA 
mode interlocking handshake. READY is still available 
to throttle the DMA transfer, but DRQ is 30 to 40 ns 
faster than READY and may be used to start the ace 
sooner. 


The methods described under “Halting a DMA Opera- 
tion” apply for all DMA operations. 


Pseudo DMA Mode 


-To avoid the tedium of monitoring and asserting the re- 


quest/acknowledge handshake signals for programmed 
I/O transfers, the system may be designed to implement 
apseudo DMAmode. This mode is implemented by pro- 
gramming the Am53C80A to operate in the DMA mode, 
but using the CPU to emulate the DMA handshake. 
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DRQ may be detected by polling the DMA Request bit 
(bit 6) in the Bus and Status Register (port 5), by sam- 
pling the signal through an external port, or by using it to 


generate a CPU interrupt. Once DRQ is detected, the - 


CPU can perform areador write data transfer. This CPU 
read/write is externally decoded to generate the appro- 
priate DACK and IOR or IOW signals. 


Often, external decoding logic is necessary to generate 
the Am53C80A CS signal. This same logic may be used 
to generate DACK at no extra system cost and provide 
an increased performance in programmed I/O transfers. 








Haiting a DMA Operation 


The EOP signal is not the only way to halt a DMA trans- 
fer. Abus phase mismatch or a reset of the DMA Mode 
bit (port 2, bit 1) can also terminate a DMA cycle for the 
current bus phase. 


Using the EOP Signal 

If EOP is used, it should be asserted for at least 100 ns 
while DACK and IOR or lO\ 1OW are re simultaneously active. 

Note, however, that if IOR or JOW is not active an in- 
terrupt will be generated, but the DMA activity will con- 
tinue. The EOP signal does not reset the DMA Mode bit. 

Since the EOP signal can occur during the e last byte sent 
to the Output Data Register (port 0), the REQ and ACK 
signals should be monitored to ensure that the last byte 
has transferred. 


Bus Phase Mismatch jianupt 


A bus phase mismatch interrupt may be used to halt the 
transfer if operating as an Initiator. Using this method 
frees the host from maintaining a data length counter 
and frees the DMA logic from providing the EOP signal. 
If performing an Initiator send operation, the AM53C80A 
requires DACK to cycle before ACK goes inactive. Since 
phase changes cannot occur if ACK is active, either 
DACK must be cycled after the last byte is sent or the 
DMA Mode bit must be reset in order to receive the 
phase mismatch interrupt. 
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Resetting the DMA Mode Bit 


A DMA operation may be halted at any time simply by 
resetting the DMA Mode bit. It is recommended that the 
DMA Mode bit be reset after receiving an EOP or bus 
phase-mismatch interrupt. The DMA Mode bit must then 
be set before writing any of the start DMA registers for 
subsequent bus phases. 


If resetting the DMA Mode bit is used instead of EOP for 
Target role operation, then care must be taken to reset 
this bit at the proper time. If receiving data as a Target 
device, the DMA Mode bit must be reset once the last 
DRQ is received and before DACK is asserted to pre- 
vent an additional REQ from occurring. Resetting this bit 
causes DRQ to go inactive. However, the last byte re- 
ceived remains in the Input Data Register and may be 
obtained either by performing a normal CPU read or by 
cycling DACK and IOR. In most cases EOP is easier to 
use when operating as a Target device. 





Flowcharts 


Flowcharts are provided (See Figures 22 through 25) as 
a guideline to facilitate your firmware development. 
Firmware will vary depending on the application andthe 
level of the SCSI protocol being supported. 
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Write ID Bit to 
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Set ARBIT 
(port 2, bit 0) 





Check 
ARBIT in Prog. 
port 1, bit 6 







Reset ARBIT 
(port 2, bit 0) 


Wait 2.2 us 
Arbitration Delay 





Lost Arbitration 
port 1, bit 5 





Read Port 0 to See 
if a Higher Priority 
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Higher 
Priority 
Present 


No 












Check : 
Lost Arbitration 
port 1, bit 5 






Off 


Set SEL 
(port 1, bit 2) 


Wait 1.2 ps Min. 
(Bus Clear + Settle) 





*Reselection Only 


Figure 22. Arbitration and (Re) Selection 
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Service fetes 
Message Set C/D and REQ Flags} REQ = 1 
Condition (port 3, bits 1, 3) ACK =0 
Set C/D Flag REQ = 0 é 
(port 3, bit 1) ACK = 0 nee ae AEG = 1 
Data Register ACK = 1 
(port 0) 
Set C/D Flag REQ = 1 
(port 3, bits 1, 3) ACK = 0 Set GD Flag 
Clear REQ Flag 
(port 3, bits 1, 3) 
Se 
ACK Flag REQ = 0 
(port 5, bit 0) ACK = 0 
Read Current bs 
SCSI REO = 1 
Data Register ACK = 1 a 
(port 0) No Last C/D 
Examine Function 
, Code 
Set Command 
Length Pointer Enter 
. Next 
Phase 
Set C/D Flag a 
Clear REQ Flag aan . ; 
(port 3, bits 1, 3) = 
On REQ = 0 
ACK = 0 
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Figure 23. Command Transfer Phase (Target) 
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(port 3, bits 3, 0) ACK = 0 
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Figure 24. Data Transfer to Host via Programmed I/O 
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Setup DMA Chip 
With Base Address, 
Word Count, and 
Mode of Operation 


Set BSY, 
Assert Data Bus 
(port 1, bits 3, 0) 


Set BLK Mode DMA, 
En. EOP INT., Target- 
mode, and DMA Mode 

(port 2, bits 7, 3, 1) 


Set ASRT VO 
(port 3, bit 1) 


Set Start DMA 
(port 5) 
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Check Ending 
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Figure 25. Data Transfer via DMA 
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Read 


Current SCSI Data (00) 
7 6 5 4 3 2 1 =«~0 


B;... DBo 


Initiator Command Register (01) 
7 6 5 4 3 2 1 =O 










Assert Data Bus 
Assert ATN 

Assert SEL 

AssertBSY 

AssertACK 

Lost Arbitration 

Arbitration In Progress 

AssertRST 


Mode Register (02) 
7 6 5 4 3 2 1 O 










Arbitration 
DMA Mode 


Monitor BSY 
Enable EOP Interrupt 
Enable Parity Interrupt 
Enable Parity Checking 
Target Mode 

Block Mode DMA 


Target Command Register (03) 





Assert C/D 
a Assert MSG 
Byte Assert REQ 
Sent 
























Write | 
Output Data Register (00) 
7 6 5 4 3 2 1 .~=0 
DB; ... DBo 
initiator Command Register (01) 
7 6 5 4 3 2 1 .~=0 
Assert Data Bus 
Assert ATN 
Assert SEL 
Assert BSY 
Assert ACK 
Test Mode 
- Assert RST 
Mode Register (02) 
7 6 5 4 3 2 1 =O 
Arbitration 
DMA Mode 
Monitor BSY 
Enable EOP Interrupt 
Enable Parity Interrupt 
Enable Parity Checking 
Target Mode 
Block Mode DMA 
Target Command Register (03) 
7 6 5 4 3 2 1 =O 
Assert VO 


Assert C/D 
Assert MSG 
Assert REQ 
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Figure 26. Register Reference Chart 
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Read 


Current SCSI Bus Status (04) 
7 6 5 4 3 2 1 «0 





Bus and Status Register (05) 
7 6 5 4 3 2 1 =O 








ACK 


AIN 
Busy Error 
Phase Match 
Interrupt Request 
Parity Error 

DMA Request 

End of DMA 


input Data Register (06) 
7 6 5 4 3 2 1 ~«0 


DB; ... DBo 


as Parity/Interrupt (07) 
6 5 4 3 2 1 


Note: 
X = Don’t Care 


Select Enable Register (04) 
7 6 § 4 3 2 1 =#0 


at pag hea (05) 
4 3 2 


Start DMA Target Receive ore 
7 6 5 4 3 2 =#+1 


gas DMA Initiator Receive ee 
6 5 4 3 2 1 
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Figure 26. Register Reference Chart (continued) 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +150°C 
Supply Voltage on Any Pin 

with Respect to Ground -0.5 to +7.0 V 
Power Dissipation 100 mW 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta) 
Supply Voltage (Vcc) 


0 to +70°C 
44.75 to +5.25 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges 





Input Signal Requirements 


HIGH-Level Input Current, lin, on: 
SCSI Bus Pin except RST 
All Other Pins 

LOW-Level Input Current, lit, on: 

SCSI Bus Pins except RST 

All Other Pins 














Output Signal Requirements 


LOW-Level Output on: 
SCSI Bus Pins 
All Other Pins 


Parameter Description Test Conditions aii nee One 


[uigitevel impute Sid SC*dSC ss 
[Lowdevel impatve————SSSC*dCSSS*dt so Pw 


Vin = 5.25 V, Vi = 0 


Vin = 5.25 V, Vii =0 


HIGH-Level Output on All Pins Voo=4.75V,lon=-3.0mA | 24 | | Vv | 


Vo = 4.75 V, lot = 48.0 mA ar 


[vom475 vim | | 05 | v_ 
















| lel, 
aaa 
| | wl 
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KEY TO SWITCHING WAVEFORMS 
WAVEFORM 


INPUTS 


Must be 
Steady 


May 
Change 
from H toL 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


SWITCHING CHARACTERISTICS/WAVEFORMS 


Ao — A2 


S) 
= 


Do - D7 


[name | ParamoterDeseriion ‘| win. | wax. | Unit 
Tr | Adsress Setptowiteerane™ Yo] as 
[72 | Adaress Hold tom End ite enabi® | 0 | | ns 
[7a | wine énabie wa Sto | os 
14 | chip Selec Hold tom enaoftow | 0 | | 15 
[75 | bata Setupto End ot wits Enabi™ | 10 | | re 


[76 | datatoe Tieton ensortow | 0 | | ow 


"Write Enable is the occurence of OW and CS. 


T3 T4 


TS 


CPU Write Cycle 
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OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from H to L 


Will be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 


KS000010 
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SWITCHING CHARACTERISTICS/WAVEFORMS 


Parameter Description 









[t+ | Address Setupto Read Enabies +10 |__| ns 
[Te | Aderess Hold rom end Read enatier | 0 | | ns 
Pte | chip Select Hotstom end off «|| ids 
[4 [ata Access Time rom Read Enabiow |__| 40 | ne 
Pao [fn 


Data Hold Time from End of IOR 
*Read Enable is the occurence of IOR and CS. 





Ao — A2 

T1 T2 
cs 

T3 

TOR 

T4 le—— Ts 
Do — D7 

10665B-012A 
CPU Read Cycle 
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SWITCHING CHARACTERISTICS/WAVEFORMS 


Parameter Description 





[ min. | Max. 
[tr pra FALsetrom back TRUE —CdSSC*d:SC 
[te [BAK FALSEiooRaTAUE——C=C“‘idp 
[te | witeenabe wan Ci 
[BACK Hoidtomendotow ———*i|_o |_| 
"bata Soup io End of Wite Enabiew | _s |__| 
a aes 

nal 

= 











h 
oO 


Width of EOP Pulse (Note 1) | 40 
ACK TRUE to REQ FALSE 
REQ from End of DACK (ACK FALSE) 


ae 
| To | ACKTRUEtODRQTRUE (Tare) | 
med 
ee 


a] 
oe 


[Name | 
T1 
Te 
T3 
5 


*Write Enable is the occurence of [OW and DACK. 


Note: 


1. EOP, lOW, and DACK must be concurrently TRUE for at least T7 for proper recognition of the 
EOP pulse. 
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| To | REGFALSEtoDRQTRUE 
DACK FALSE to ACK FALSE 
| 712 | DataHoldfromWrite Enable 


“Write Enable is the occurence of IOW and DACK. 
Note: 
1. EOP, lOW, and DACK must be concurrently TRUE for at least T7 for proper recognition of the 


EMD annlan 
cer p 3 


uivuse,. 


ee el 

eal 

| 73 

cm ow 

[75 _| Data Setup to End of Write Enables 
eal low 

Beran 

ie | 


T1 
T2 
T3 
T4 
T5 
T6 
Avs 
T8 
T9 
T12 
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| Name | ParameterDescription | 

[ne 
[ta BACK Hold Time trom Ena ofTOR | o| | ns 
[4 [ata Access Te rom Reed Enabiew |__| 20 | ns 
[75 | ata vow Time rom endoftOR ‘| o [| ns 


Do- D7 


| 16 | WidthofEOP Pulse (Notes) | 40 | | 
17 | ROR Tae onoTaUE 
Te | DAOK FALSE o REG TAUE ERFALSE | | a0 | 1 

| To | ACKTRUEtOREGFALSE | | | ss | 
rio” | ROK ase wneGTmve GAAS | [os [ws 
CpaaseuptinetoACR | | | 

T12 | Data Hold Time from ACK | 65 | | ons | 


*Read Enable is the occurence of IOR and DACK. 


Note: 


1. Ee oe and DACK must be concurrently TRUE for at least T6 for proper recognition of the 
OP pulse. 
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SWITCHING CHARACTERISTICS/WAVEFORMS 







Parameter Description | min. | Max. | Unit | 
| T1_| DRQFALSEfromDACKTRUE | | 85s 


[te | DAGK FALSE toa TRUE Sd so | os 
[13 | DAGR How Tine om End ofTOR «dt 
[ta] Data Access Tne om Reed Enabir™ |_| 
[75 | Batatold Tine tom Endo =| 
[76 | wath of BOF Puse oe) 
[7_[ retrveiooraaue Sd 
[Ta | DAOK FALSE to ROK FALSE FEGFALSE) | 
Te [RectrueionoRTaue Cd 
[710 [ REGrALSE Wo NOK FALSE ORORFASE |_| a5 
ce i fac ae 
er 


( 
Data Setup Time to REQ 10 
Data Hold Time from REQ | 65 | 





1. EOP, 1OR, and DACK must be concurrently TRUE for at least T6 for proper recognition of the 


LAR 
Cur pulse. 
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SWITCHING CHARACTERISTICS/WAVEFORMS 


Do — D7 


E 


we) 
Oo 


> 
ie) 
A 


[te | Wiath of EOP Puise (Note) | 40 | 



















| Name | Parameter Description |_fin. | Max. | Unit 
[tr | DROFALSEfomBACKTAUE «tid ass | 
[te | wite cnabiewanr SS SSSSC*dtC wT | 
[ta | wrteRecovey time ——~S~S~—i |i | 
[14] Data Setup to End otwio crabs «dts | id te | 
[15 | Data Hold Tine tom enaoflow __-|_s |_| rs | 


[a7 [ aorraveheGrase «dt —=«d;s | 
[Te | REGirom End of OW (ROK FALSE) |_| 50 | re | 
[Te [ RESirom end of ROK (OW FALSE) | | «0 | 1s | 
[10 ACR TRUE to READYTRUE __———+| | 100 | re | 
Tit | READY TRUEWIOWFALSE =| | 
Ti | TOWFALSE WeREADVFALSE | 0 | | os | 
M19 | DataviowioRORTAUE iY | 
14 ras | 


*Write Enable is the occurence of IOW and DACK. 
Note: 


1. EOP, IOW, and DACK must be concurrently TRUE for at least T6 for proper recognition of the 
EOP pulse. 
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| Name | ParameterDescription | Min. | Max. | Unit | 
[11 [| ora FaLsetombackTAue «| «das | no | 
[re [tornecovery tine Cd Td | 
[ta _| Data Access Time romAead Enables |__| 20 | ns _ 

[bata Hold Tne tom EndafTOR =i; 







CK FALSE to REQ TRUE (IOR FALSE) 


ae 
= 
= 
CAGRTAUEWoREADVTAUE | 
[READY TRUEWevaidoaa S| 
TOR FALSE to READY FALSE 


IOR FALSE to READY FALSE 


Data Setup Time to ACK 
Data Hold Time from ACK 


*Read Enable is the occurence of IOR and DACK. 


T11) 


T4 1OR 
T5 ’ 
T6 ACK 
17 
T8 TOR 
T9 . 
T10 
112 
T13 ACK 





gues TOR, and DACK must be concurrently TRUE for Ss fens T5 for Bee recognition of the 
EOP pulse. 
DRQ 
T1 
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T2 —— 7 | 
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a ar ans T3 T4 ->| 
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| Name | Parameter Description | Min. | Max. | Unit 
| TH | Minimumwidtnot Reset | 10 | ns 
! 


T1 
RESET 


10665B-019B 


Reset 







|Name | Parameter Description | Min. | Max. | Unit 
| 11 | BusclearfromSet true | 600 | ns 
| 12 | Arbitrate StartiromBSYrAaLse | 1200 | 2400 | ns _| 
| 73 | BusCleartromasyratse || 1100 | ns _| 






RST 
SEL 
T1 
BSY 
T2 
DBo ~— DB7 
ARB 
T3 
BSY (IN) 
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FROM OUTPUT 
UNDER TEST 
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SWITCHING TEST WAVEFORM 
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Am53C94/Am53C96 


High Performance SCSI Controller 





DISTINCTIVE CHARACTERISTICS 

m@ Plug compatible with NCR 53C94/53C96 
5 MB per second SCSI transfer rate 

20 MB per second DMA transfer rate 
16-bit DMA Interface plus 2 bits of parity 


Flexible bus architecture, supports a three bus 
architecture 


Single ended SCSI bus supported by Am53C94 


Single ended and differential SCS! bus 
supported by Am53C96 

@ Selection of multiplexed or non-multiplexed 
address and data bus 


@ High current drivers (48 mA) for direct 
connection to the single ended SCSI bus 


GENERAL DESCRIPTION 


The High Performance SCSI Controller (HPSC) has a 
flexible three bus architecture. The HPSC has a 16 bit 
DMA interface, an 8 bit host data interface and an 8 bit 
SCSI data interface. The HPSC is designed to minimize 
host intervention by implementing common SCSI se- 
quences in hardware. An on-chip state machine re- 
duces protocol overheads by performing the required 
sequences in response to a single command from the 
host. Selection, Reselection, Information Transfer and 
Disconnection commands are directly supported. 


The 16 byte internal FIFO further assists in minimizing 
host involvement. The FIFO provides a temporary stor- 


SYSTEM BLOCK DIAGRAM 


4 ADDR 
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m@ Supports Disconnect and Reselect commands 


lM Supports burst mode DMA operation with a 
threshold of 8 


BH Supports 3 byte tagged queuing as per the 
SCSI-2 specification 


@ Supports group 2 and 5 command recognition 
as per the SCSI-2 specification 


@ Advanced CMOS process for low power 
consumption 


@ Am53C94 available in 84 pin PLCC package 
M Am53C96 available in 100 pin PQFP package 


’ age for allcommand, data, status and message bytes as _ 


they are transferred between the 16 bit host data bus 
and the 8 bit SCSI data bus. During DMA operations the 
FIFO acts as a buffer to allow greater latency inthe DMA 
channel. This permits the DMA channel to be sus- | 
pended for higher priority operations such as DRAM re- 
fresh or reception of an ISDN packet. 


Parity on the DMA bus is optional. Parity can either be 
generated and checked or it can be simply passed 
through. , 





SCSI Data 


SCSI Control 
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SYSTEM BUS MODE DIAGRAMS 
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BLOCK DIAGRAM 












1p 16 x9 FIFO : 18 
DMA 15-0 (including parity) 9 eeeiae 
Data + Parity 
DMAP 1-0 (Single Ended) 
: : 9 SCSI Bus 
4 Parity Logic ‘ 
DMA Control Data + Parity 
Direction Contro! 
AD 7-0 Bus 
Interface 
6 Unit 


Host Control 


Main 


Register 
Bank Sequencer 
: SCSI Control 
scsl 
Control 7 SCSI Control! 
Direction Control 


Scsl 
Sequencer 


cs 
BUSMD 1-0 
DFMODE 
CLK 
RESET 
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CONNECTION DIAGRAM 
Am53C94 (Top View) 





16506A-007A 
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CONNECTION DIAGRAM 


Am53C96 (Top View) 
PQFP 
5 29 28 oO In 
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16506A-008A 
RELATED AMD PRODUCTS 


| PartNumber | Description 
Am53C80A 4 MBytes/sec Asynchronous CMOS SCSI Controller 
Am33C93A 5 MBytes/sec Async/Synchronous CMOS SCSI Controller 






Am85C80 Combination SCSI Controller (Am53C80A) and ESCC (Am85C30) 


m85C30 Enhanced Serial Communications Controller (ESCC) 
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LOGIC SYMBOL 
SD 7-0 
DMA 15-0 SDP 
DMAP 1-0 <q» SDC 7-0 
ALE [A3] SDCP 
DMARD [A2] MSG 
BHE [A1] Ci 
ASO [AO] VO 
DREQ AIN 
DACK BS 
SEL 
AD 7-0 
Am53C94/96 RST 
DMAWA 
BD RE 
Wa ACK 
GE BSYC 
INT SELC 
BUSMD 1-0 RSIC 
*DFMODE REQC 
CLK ACKC 
RESET “ISEL 
*TSEL 


* Pins available on the Am53C96 only 16506A-009A 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM53C96 


OPTIONAL PROCESSING 
Blank = Standard Processing 
IW = TapePak 


TEMPERATURE RANGE 
C = Commercial 


PACKAGE TYPE 


J = 84-Pin PLCC (PL 084) 
K = 100-Pin POFP (T.B.D.) 





SPEED OPTION 


DEVICE NUMBER/DESCRIPTION 


Am53C94/Am53C96 
High Performance SCSI Controller 











Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 


Valid Combinations 
AM53C94 
AM53C96 KC, KC/W 
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PIN DESCRIPTION 
Host Interface Signals 


DMA 15-0 
Data / DMA Bus (Input/Output, Active High, 
Internal Pullup) 


The configuration of this bus depends on the Bus Mode 
1-0 (BUSMD 1-0) inputs. When the device is configured 
for single bus operation, the host can access the internal 
register set on the lower eight lines and the DMA ac- 
cesses can be made to the FIFO using the entire bus. 
When using the Byte Mode via the BHE and AO inputs 
the data can be transferred on either the upper or lower 
half of the DMA 15-0 bus. 


DMAP 1-0 
Data/DMA Parity Bus (Input/Output, Active High, 
Internal Pullup) 


These lines are odd parity for the DMA 15-0 bus. 
DMAP 1 is the parity for the upper half of the bus 
(DMA 15-8) and DMAP 0 is the parity for the lower half 
- of the bus (DMA 7-0). 


ALE [A3] 
Address Latch Enable [Address 3] (Input, 
Active High) 


This is a dual function input. When the device is config- 
_ ured for single bus operation this input acts as ALE. As 
ALE, this input latches the address onthe AD 7-0 bus on 
its Low going edge. When the device is configured for 
dual bus operation this input acts as A3. As A3, this in- 
put is the third bit of the address bus. 


DMARD [A2] 
DMA Read [Address 2] (Input, Active Low 

. [Active High]) 
This is a dual function input. When the device is config- 
ured for single bus operation this input acts as DMARD. 
As DMARD, this input is the read signal for the DMA 
15-0 bus. When the device is configured for dual bus 
operation this input acts as A2. As A2, this input is the 
second bit of the address bus. 


BHE [A1] . 

Bus High Enable [Address 1] (Input, Active High) 
This is a dual function input. When the device is config- 
ured for single bus operation this input acts as BHE. As 
BHE, this input along with ASO indicates on which lines 
the data transfer is to take place. When the device is 
configured for dual bus operation this input acts as A1. 
As A1, this input is the first bit of the address bus. | 


INFORMATION 





AMD zi 


The following is the decoding for the BHE and ASO 


inputs: 

|BHE| aso| BusUsed 
| 1 | 1 | Upper Bus- DMA 15-8, DMAP 1 _| 
| 1 | 0 | FullBus-DMA 15-0, DMAP 1-0 _| 
| 0 | R 















[aoe Lower Bus — DMA 7-0, DMAP 0 


ASO [AQ] 

Address Status [Address 0] (Input, Active High) 
This is a dual function input. When the device is config- 
ured for single bus operation this input acts as ASO. As 
ASO, this input along with BHE indicates on which lines 
the data transfer is to take place. When the device is 
configured for dual bus operation this input acts as AO. 
As AO, this input is the zeroth bit of the address bus. 


DREQ 
DMA Request (Output, Active High, Tri-State) 


This output signal to the DMA controller will be active 
during DMA read and write cycles. During a DMA read 
cycle it will be active as long as there is a word (or abyte 
in the byte mode) in the FIFO to be transferred to mem- 
ory. Duringa DMAwrite cycle it will be active as long as 
there is an empty space for a word (or a byte in the byte 
mode) in the FIFO. 


DACK 
DMA Acknowledge (input, Active Low) 


This input signal from the DMA controller will be active 
during DMA read and write cycles. The DACK signal is 
used to access the DMA FIFO only and should never be 
active simultaneously with the CS signal, which ac- 
cesses the registers only. 


AD 7-0 
Host Address Data Bus (Input/Output, Active 
High, Internal Pullup) 


This bus is used only inthe dual bus mode. This bus al- 
lows the host processor to access the device's internal 
registers while the DMA bus is transferring data. When 
using the multiplexed bus mode, these lines can be 
used for address and data. When using a non-multi- 
plexed bus mode these lines can be used for the data 
only. 


DMAWR 

DMA Write (Input, Active Low) 

This signal writes the dataon the DMA 15-0 bus into the 
internal FIFO when DACK is also active. When in the 
single bus mode this signal must be tied to the WR 
signal. 
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RD 
Read (Input, Active Low) 
This signal reads the internal device registers and 


places their contents on the data bus, when either CS 
signal or DACK signal is active. 


ADVANCE 


WR 

Write (Input, Active Low) 

This signal writes the internal device registers with the 
value present on the data bus, when the CS signal is 
also active. : 


CS 

Chip Select (Input, Active Low) 

This signal enables the read and write of the device reg- 
isters. CS enables access to any register (including the 
FIFO) while the DACK enables access only to the FIFO. 
CS and DACK should never be active simultaneously in 
the single bus mode, they may however be active simul- 
taneously in the dual bus mode provided the CS signalis 
not enabling access to the FIFO. 





INT 
interrupt (Output, Active Low, Open Drain) 


in minal in mn me onal Sad mre end Slam bm Ab be 


This orytital loa non-mMaskayle iMETTUpt tay Ww ule Mmyuol 
processor. This signal is latched on the output on the 
high going edge of the clock. This flag may be cleared 
by reading the Interrupt Status Register (ISTAT) or by 
performing a device reset (hard or soft). This flag is not 
cleared by a SCSI reset. 


BUSMD 1-0 
Bus Mode (Input, Active High) 


These inputs configure the device for nee bus or dual 
bus operation and the DMA width. 


ee BUSMDO Bus Configuration 


Two buses: 8-bit Host Bus & 
16-bit DMA Bus 
. | Register Address on A 3-0 & 
ae 
au 


Data on AD Bus 












Two buses: Multiplexed & 
byte control 

Register Address on AD 3-0 
& Data on AD Bus 


Single bus: 8-bit Host Bus & 
16-bit DMA Bus 

Register Address on A 3-0 & 
Data on DMA Bus 


Single bus: 8-bit Host Bus & 
8-bit DMA Bus 

Register Address on A3-0 & 
Data on DMA Bus 
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DFMODE 
Differential Mode (Input, Active Low) 


This input is available only onthe Am53C96. This input 
configures the SCSI bus to either single ended or differ- 
ential. When this input is active, the device operates in 
the differential SCSI mode. The SCSI data is available 
on the SD 7-0 lines and the high active transceiver en- 
ables on the SDC 7-0 outputs. When this input is inac- 
tive, the device operates in the single-ended SCSI 
mode. The SCSI input data is available on SD 7-0 lines 
and the output data is available on SDC 7-0 lines. Inthe 
single-ended SCSI mode, the SD 7-0 and the SDC 7-0 
buses can be tied together externally. 


CLK 

Clock (Input) 

Clock input used to generate all the internal device tim- 
ings. The maximum frequency of this input is 25 MHz. A 
minimum of 10MHz is required to maintain the SCSI bus 
timings. 


RESET 

Reset (Input, Active High) 

This input when active resets the device. The RESET 
input must be active for at least two CLK periods after 
the voltage on the power inputs has reached Vcc 
minimum. 


SCSI Interface Signals 


SD 7-0 

SCSI Data (Input/Output, Active Low, 

Schmitt Trigger) 

When the device is configured in the Single-Ended 
SCSI Mode (DFMODE inactive) these pins are defined 
as inputs for the SCSI data bus. When the device is con- 
figured in the Differential SCSI Mode (DFMODE active) 
these pins are defined as a bidirectional SCSI data bus. 


SDP 
SCSI Data Parity (Input/Output, Active Low, 
Schmitt Trigger) 


When the device is configured in the Single-Ended 


- SCSI Mode (DFMODE inactive) this pin is defined as the 


input for the SCS! data parity. When the device is con- 
figured in the Differential SCS! Mode (DFMODE active) 
this pin is defined as bidirectional SCS! data parity. 


SDC 7-0 
SCSI Data Control (Output, Active Low, 
Open Drain) 


When the device is configured in the Single-Ended 
SCSI Mode (DFMODE inactive) these pins are defined 
as outputs for the SCSI data bus. When the device is 
configured in the Differential SCS] Mode (DFMODE 
active) these pins are defined as direction controls for 
the external differential transceivers. In this mode, a 
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signal High state corresponds to an output to the SCSI 
bus and a Low state corresponds to an input from the 
SCSI bus. 


SDCP 
SCSI Data Control Parity (Output, Active cow: 
Open Drain) 


When the device is configured in the Single-Ended 
SCSI Mode (DFMODE inactive) this pin is defined as an 
output for the SCSI data parity. When the device is con- 
figured in the Differential SCS1 Mode (DFMODE active) 
this pinis defined as the direction control for the external 
differential transceiver. Inthis mode, a signal high state 
corresponds to an output to the SCSI bus and a low 
state corresponds to an input from the SCSI bus. 


MSG 

Message (Input/Output, Active Low, Schmitt 
Trigger) 

This is a bidirectional signal with a 48 mA output driver. 
It is an output in the target mode and a Schmitt trigger 
input in the initiator mode. 

c/D 

Command/Data (Input/Output, Schmitt Trigger) 
This is a bidirectional signal with a 48 mA output driver. 
It is an output in the target mode and a Schmitt trigger 
input in the initiator mode. 


1/0 
Input/Output (Input/Output, Schmitt Trigger) 
This is a bidirectional signal with a 48 mA output driver. 


It is an output in the target mode and a Schmitt trigger 
input in the initiator mode. 


ATN 
Attention (Input/Output, Active Low, Schmitt 
Trigger) 


This signal is a 48 mA output in the initiator mode anda _ 


Schmitt trigger input in the target mode. This signal will 
be asserted when the device detects a parity error or it 
can be asserted via certain commands. In the target 
mode this pin is an input. 


BSY 
Busy (Input, Active Low, Schmitt Trigger) 


This is a SCSI input signal with a Schmitt trigger. 


SEL 
Select (Input, Active Low, Schmitt Trigger) 


This is a SCSI input signal with a Schmitt trigger. 


RST 
Reset (Input, Active Low, Schmitt Trigger) 


This is a SCSI input signal with a Schmitt trigger. 


INFORMATION 
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REQ 
Request (Input, Active Low, Schmitt Trigger) 


This is a SCSI input signal with a Schmitt trigger. 


ACK 
Acknowledge (Input, Active Low, Schmitt Trigger). This 
is a SCSI input signal with a Schmitt trigger. 


BSYC 

Busy Control (Output, Active Low, Open Drain) 
This is aSCSI output with 48 mA drive. When the device 
is_ configured in the Single-Ended SCS! Mode 
(DFMODE inactive) this pin is defined as a BSY output 
for the SCSI bus. When the device is configured in the 
Differential SCS! Mode (DFMODE active) this pin is de- 
fined as the direction control for the external differential 
transceiver. In this mode, a signal High state corre- 
sponds to an output to the SCSI bus anda Low state cor- 
responds to an input from the SCSI bus. 


SELC 

Select Control (Output, Active Low, Open Drain) 
This is aSCSI output with 48 mA drive. Whenthe device 
is_ configured in the Single-Ended SCSI Mode 
(DFMODE inactive) this pin is defined as a SEL output 
for the SCSI bus. When the device is configured in the 
Differential SCSI Mode (DFMODE active) this pin is de- 
fined as the direction control for the external differential 
transceiver. In this mode, a signal High state corre- 
sponds to an output to the SCSI bus anda Low state cor- 
responds to an input from the SCSI bus. 


RSTC 

Reset Control (Output, Active Low, Open Drain) 
This is a SCSI output with 48 mA drive. The Reset SCS! 
command will cause the device to drive RSTC active for 
25-40 microseconds, which will depend on the CLK fre- 
quency and the conversion factor. When the device is 
configured in the Single-Ended SCSI Mode (DFMODE 
inactive) this pin is defined as a RST output forthe SCSI 
bus. When the device is configured in the Differential 
SCSI Mode (DFMODE active) this pin is defined as the 
direction control for the external differential transceiver. 
In this mode, a signal High state corresponds to an out- 
put to the SCS! bus and a Low state corresponds to an 
input from the SCSI bus. 


REQC 
Request Control (Output, Active Low, Open Drain) 


This is a SCSI output with 48 mA drive. ane signal is 
asserted only in the target mode. 


ACKC 

Acknowledge Control (Output, Active Low, 

Open Drain) 

This is a SCSI output with 48 mA drive. This signal is 
asserted only in the initiator mode. 
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ISEL 
Initiator Select (Output, Active High) 


This signal is available on the Am53C96 only. Itis active 
whenever the device is in the initiator mode. In the dif- 
ferential mode this signal is used to enable the initiator 
signals ACKC and ATNC and the device also drives 
these signals. 


FUNCTIONAL DESCRIPTION 
Register Map 


Address 
(Hex.) | Operation 
Read Current Transfer Count 
Register LSB 
Write Start Transfer Count 
Register LSB 







Register 





Read Current Transfer Count 
Register MSB 


Write Start Transfer Count 
Register MSB 










Dn Aleita TICSDN Daniatae 
ree Pi w broylovws 


Read/Write | Command Register _ 
Status Register 


Write SCSI Destination ID 
Register 
Interrupt Status Register 


VG 
SCSI Timeout Register 
| 06 | Read | Internal State Register 


aAaaAlNal 
Cau vv iv} 





Write Synchronous Transfer 
Period Register 


. Read Current FIFO Internal State 
Register 
Write Synchronous Offset 
Register 


| 08 Read/Write | Control Register 1 
| o9 =| Write | Clock Factor Register 


Forced Test Mode Register 
0B. <I Read/Write | Contro! Register 2 


0c Read/Write | Control Register 3 Rev. ID 
Register 


Data Alignment Register 
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TSEL 
Target Select (Output, Active High) 


This signal is available onthe Am53C96 only. Itis active 
whenever the device is in the target mode. In the differ- 
ential mode this signal is used to enable the target sig- 
nals REQC, MSG, C/D and I/O and the device also 
drives these signals. 


Not all registers in this device are both readable and 
writable. Some read only registers share the same ad- 
dress with write only registers. The registers can be ac- 
cessed by asserting the CS signal and then asserting 
either RD or WR signal depending on the operation to be 
performed. Only the FIFO Register can be accessed by 
asserting either CS or DACK in conjunction with RD and 
WR signals or DMARD and DMAWR signals. The regis- 
ter address inputs are ignored when DACK is used but 
must be valid when CS is used. 
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COMMANDS 


The device commands can be broadly divided into two 
categories, DMA commands and non-DMA commands. 
DMAcommands are those which cause data movement 
between the host memory and the SCSI bus while non- 
DMA commands are those that cause data movement 
between the device FIFO and the SCSI bus. The MSB 
of the command byte differentiates DMA commands 
from non-DMA commands. 


Summary of Commands 










Command 
Code (Hex.) 


Command Non- 
DMA | DMA 
Mode | Mode 


Initiator Commands 


Information Transfer | 10 | 90 
Initiator Command Complete Steps 


Message Accepted i, ies Nea 
z= 
fee 
sz 











jo) 






foe) 


Transfer Pad Bytes 
Set ATN 
Reset ATN 
Target Commands 

Send Message AO 

Send Status | ar | at | 
Send Data | 22 | Aa 
Disconnect Steps | 23 | as | 
Terminate Steps | 24 | Ad | 
Target Command Complete Steps | 25 | AS | 
Disconnect | bt AP 
Receive Message | 28 | As | 
Receive Command Steps | 29 | Ag | 
Receive Data | 2A | AA | 


Receive Command Steps | 2B | ABL 
Target Abort DMA | 04 | a4 | 
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Command 
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Command 
Code (Hex.) 
Non- 
DMA | DMA 
Mode | Mode 


Idle State Commands 


Reselect Steps 

Select without ATN Steps 
Select with ATN Steps 

Select with ATN and Stop Steps 
Enable Selection/Reselection 
Disable Selection/Reselection 
Select with ATN3 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —55 to +125°C 
Ambient Operating Temperature 0 to +70°C 
Maximum Vcc -0.5to +7.0 V 
DC Voltage Applied to Any Pin -0.5 to (Vcc + 0.3) V 
Input Static Discharge Protection 3000 V pin to pin 


(Human body model: 100 pF at 1.5 K Ohms) 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


INFORMATION 


OPERATING RANGES 


Commercial (C) Devices 
Ambient Temperature (Ta) 


Supply Voltage (Vcc) 


0 to +70°C 
+4.75 to +5.75 V 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 
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DC CHARACTERISTICS over operating range unless otherwise specified 


Parameter 
Symbol Parameter i. Test Conditions 
Static Supey Current 


SS Ee ee ee ee ey 
[iw [Latch Up Current | Sd Si 100 100 ma 
SMe ee 


SCSI Pins 










































inputHigh Votlage | ANSCSIinpuis fT 20 || 
Input Low Voltage Alscsiinputs | | | 
Input Hysteresis AllSCSl Inputs | 4.75 V<Vcc<5.25V| 300 | =| mv | 
Output High Voltage SD7-0,SDP___|tow=-2mA | 24 | Veo | V_| 
SCSI Output Low Voltage _| SD 7-0, SDP 
Vsot2 | SCSI Output Low Voltage | SDC 7-0,SDCP, | lo. =48mA Vss 0.5 V 
MSG, C/D, I/O, 
ATN, RSTC, SELC, 
BSYC, ACKC 
and REQC 
input Low Leakage AllSCSI Inputs | 05V<Vn<27V|{ -10 | +10 | pA | 
Input High Leakage All SCSI Inputs 0.5V<Vin<2.7V | ~1o |. +10 | pA | 
High Impedance Leakage | AllSCSIInputs | O0V<Vour<Vcc | -10 | +10 | pA | 
Bidirectional Pins 
VIH -| Input High Voltage DMA 15-0, 2.0 Veco +0.5) V 
DMAP 1-0 and 
AD 7-0 
VIL Input Low Voltage DMA 15-0, Vss—0.5 V 
DMAP 1-0 and 
AD 7-0 
VOH Output High Voltage DMA 15-0, loH = —2 MA 
DMAP 1-0 and 
AD 7-0 
VoL Output Low Voltage DMA 15-0, lo. =4mA 
DMAP 1-0 and 
AD 7-0 
su Low Leakage DMA 15-0, Vin = VIL +10 
DMAP 1-0 and 
AD 7-0 
Input High Leakage DMA 15-0, Vin = Vin +10 
DMAP 1-0 and 
AD 7-0 
High Impedance Leakage {| DMA 15-0, --100 400 
DMAP 1-0 and 
AD 7- [Dn ne ag CERN 
Se a EE OE | High Voltage DRQ, ISEL, lou =—2 mA 
TSEL and INT 
Output Low Voltage DRQ, ISEL, lo.=4mA 
TSEL and INT 
High Impedance Leakage | DRQ, ISEL, 0 V < Vout < Vcc hae 
TSEL and INT 
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DC CHARACTERISTICS over operating range unless otherwise specified (Continued) 


Parameter 
Symbol Parameter Description Test Conditions 


Input Pins 
Vi 




















Input High Voltage 




















CS, RD. Vec+0.5| V 

DMAWR, CLK, 
RESET, and 
DFMODE 

Input Low Leakage A3-0, CS, RD, WR, Vin = Vit ~10 +10 LA 
DMAWR, CLK, 
BUSMD 1-0, DACK, 
RESET, and 

. DFMODE 7 

Input High Leakage A3-0, CS, RD, WR, Vin = Vin —10 +10 A 
BUSMD 1-0, DACK, 

RESET, and 


A3-0, CS, RD, WR, 
BUSMD 1-0, DACK 
Input Low Voltage A3-0, CS, RD, WR, Vss + 0.5 V 

DMAWR, CLK, 

: BUSMD 1-0, DACK, 
RESET, and 
DFMODE 
DMAWR, CLK, 
DFMODE 








SWITCHING TEST WAVEFORMS 


All the open drains 


0.8V 0.8V 


All other pins 
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Serial Communications Controller Devices 
DISTINCTIVE CHARACTERISTICS 
# 6Fast data rate @ Programmable asynchronous modes 
~ Upto 8 MHz/2 Mb/s — 5- to 8-bit characters with programmable stop 
Ml Two Oto 2 Mb/s full duplex serial channels bits, clock, break detect and error conditions 
— Each channel has independent oscillator, m@ Programmable synchronous modes 
baud-rate generator, and PLL for clock — SDLC and HDLC and SDLC loop supported 
recovery, dramatically reducing external with frame control, zero insertion and deletion, 
components abort, and residue handling. CRC-16 and 
| Programmable protocols CCITT generator and checkers 
— NRZ, NRZI, and FM data encoding supported & Compatible with non-multiplexed bus 
under program control — The Am8530H interfaces easily to most other 
CPUs 
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GENERAL DESCRIPTION 


The Serial Communications Control (SCC) is a dual- 


channel, multi-protocol data communications peripheral 
designed for use with 8- and 16-bit microprocessors. 
The SCC functions as a serial-to-parallel, parallel-to- 
serial converter/controller. The SCC can be software- 
configured to satisfy a wide variety of serial communica- 
tions applications. The device contains a variety of 
new, sophisticated internal functions, including on-chip 
baud rate generators, digital phase-locked loops, and 
crystal oscillators, which dramatically reduce the need 
for external logic. 


The SCC handles asynchronous formats, synchronous 
- byte-oriented protocols, such as IBM@ Bisync, and syn- 
chronous bit-oriented protocols, such as HDLC and 
IBM SDLC. 


RELATED AMD PRODUCTS 


This versatile device supports virtually any serial data 
transfer application (cassette, diskette, tape drivers, 
etc). 


The device can generate and check CRC codes in any 
synchronous mode and can be programmed to check 
data integrity in various modes. The SCC also has facili- 
ties for modemcontrols in both channels. In applications 
where these controls are not needed, the modem con- 
trols can be used for general-purpose I/O. 


The Am8530H is designed for non-multiplexed buses 
and is easily interfaced with most other CPUs, such as 
8080, Z80, 6800, 68000 and MULTIBUS™. 


Part Number Description 

Am79C12 Full Duplex 1200 bps Modem 

Am7960 Coded Data Transceiver 

80186 Highly Integrated 16-Bit Microprocessor 
80286/80C286 High-Performance 16-Bit Microprocessor 
8080A 8-Bit Microprocessor 

Am9517A DMA Controller 

Am386™ High-Performance 32-Bit Microprocessor 
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CONNECTION DIAGRAMS 
Top View 


DIPs 


1 
2 
3 
4 
5 
6 
7 
8 


SYNCAL Am8530H 
BCA scc 





00970G-028B 






WREOA | 11 35] GND 
SYNCA [J 12 34[] WREQB 
RIxCA [] 13 33|_] SYNCB 














RxDA | } 14 32] | RTxCB 
TRXCA | 1415 31| | RxDB 
TxDA [116 30|_] TRxCB 
Nc [117 29{_| TxDB 
L__f L_! Ld 
x | ja ja |a 
SE BEEZ BBER 2 
fr Ic lo Qa ik lo ee 
E E 


00970G-002B 


Note: Pin 1 is marked for orientation. 
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LOGIC SYMBOL 
D; ; 
De TxDA|-——> Serial 
D: RxDA Data 
Data D. TRXGA Channel 
Bus Ds RIxCA Clocks 
2 SYNCA Channel 
1 __WREQA' REQA}__», Controls 
Do DTR/REQA' - for 
- BD RISA A Modem, 
Bus Timing CTSA' DMA, or 
and Reset WR DCDA Other 
Am8530H 
_ scc TxDB 
A/B RxDB } Serial 
Control CE Data 
me TRxCB 
DIC RTIxcBi } Channel 
Clocks 
<— iNT 
SYNCB Channel 
Interrupt ees _WIREQB|- ae Controls 
IEl DTR/REQB|-———> for 
IEO RISB|-——> Modem, 
CTSB DMA, or 
DGCDB J Other 
+5V GND PCLK 00970G-003 


ORDERING INFORMATION 


Commodity Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM8530H -4 P Cc 
j omens OPTIONAL PROCESSING 
Blank = Standard Processing 
TEMPERATURE RANGE 
C = Commercial (0 to 70°C) 
PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 
SPEED OPTION 
-4 = 4 MHz 
-6 = 6 MHz 
DEVICE NUMBER/DESCRIPTION -8 =8MHz 
Am8530H 
Serial Communications Controller 
| Valid Combinations —_| | Valid Combinations —_| __ Valid Combinations 
Valid Combinations list configurations planned to 
re a be supported in volume for this device. Consult 
ee 6 PC, JC the local AMD sales office to confirm availability of 
| Am8530H-8 8 specific valid combinations, to check on newly 





released combinations, and to obtain additional 
data on AMD's standard military grade products. 
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PIN DESCRIPTION 


AIB 
Channel A/Channel B Select (Input) 


This signal selects the channel in which the Read or 
Write operation occurs. 


CE 

Chip Enable (input; Active Low) 

This signal selects the SCC for a Read or Write opera- 
tion. 


CTSA, CTSB 
Clear to Send (Inputs; Active Low) 


If these pins are programmed as Auto Enables, a Low 
on these inputs enables their respective transmitters. If 
not programmed as Auto Enables, they may be used as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. The 
SCC detects pulses on these inputs and may interrupt 
the CPU on both logic level transitions. 

D/C 

Data/Control Select (Input) 

This signal defines the type of information transferred to 
or from the SCC. A High means data is transferred; a 
Low indicates a command is transferred. 


DCDA, DCDB 
Data Carrier Detect (Inputs; Active Low) 


These pins function as receiver enables if they are pro- 
grammed as Auto Enables; otherwise, they may be 
used as general-purpose input pins. Both are Schmitt- 
trigger buffered to accommodate slow rise-time signals. 
The SCC detects pulses on these pins and may interrupt 
the CPU on both logic level transitions. 


D7-DO 
' Data Bus (Inputs/Outputs; Three State) | 


These lines carry data and commands to and from the 
SCC. 


DTR/REQA, DTR/REQB 

Data Terminal Ready/Request 

(Outputs; Active Low) 

These outputs follow the inverted state programmed 
into the DTR bit in WR5. They can also be used as 
general-purpose outputs or as Request Lines fora DMA 
controller. 


GND 

Ground 

IEI 

interrupt Enable In (Input; Active High) 


IEl is used with IEO to form an interrupt daisy chain 
when there is more than one interrupt-driven device. A 


High IEl indicates that no other higher priority device has 


an interrupt under service or is requesting an interrupt. 


IEO 

Interrupt Enable Out (Output; Active High) 

IEO is High only if IEl is High and the CPU is not servic- 
ing an SCC interrupt or the SCC is not requesting an 
interrupt (interrupt acknowledge cycle only). IEO is con- 
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nected to the next lower priority device’s IEI input and 
thus inhibits interrupts from lower priority devices. 


INT 
Interrupt Request (Output; Active Low, 
Open Drain) 


This signal is activated when the SCC requests an 
interrupt. 


INTACK 
Interrupt Acknowledge (Input; Active Low) 


This signal indicates an active interrupt acknowledge 
cycle. During this cycle, the SCC interrupt daisy chain 
settles. When RD becomes active, the SCC places an 
interrupt vector on the data bus (if IE is High). INTACK 
is latched by the rising edge of PCLK. 


PCLK 

Clock (Input) 

RD 

Read (Input; Active Low) 

This signal indicates a Read operation and, when the 
SCC is selected, enables the SCC’s bus drivers. During 
the Interrupt Acknowledge cycle, this signal gates the in- 
terrupt vector onto the bus if the SCC is the highest pri- 
ority device requesting an interrupt. 


RTSA, RTSB 
Request to Send (Outputs; Active Low) 


When the Request to Send (RTS) bit in Write Register 5 
is set, the RTS signal goes Low. When the RTS bit is re- 
set in the asynchronous mode and Auto Enable is on, 
the signal goes High after the transmitter is empty. In 
SYNC mode, or in asynchronous mode with Auto En- 

able off, the RTS pins strictly follow the inverted state of 
the RTS bit. Both pins can be used as general-purpose 
outputs. 


RTxCA, RTxCB 
Receive/Transmit Clocks (Inputs; Active Low) 


These pins can be programmed in several different 
modes of operation. In each channel, RTxC may supply 
the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase- 
locked loop. These pins can also be programmed for 
use with the respective SYNC pins as acrystal oscillator. 
The receive clock may be 1, 16, 32, or 64 times the data 
rate in asynchronous modes. 


RxDA, RxDB 
Receive Data (Inputs; Active High) 


These input signals receive serial data at standard TTL 
levels. 


SYNCA, SYNCB 
Synchronization (Inputs/Outputs; Active Low) 


These pins can act either as inputs, outputs, or part of 
the crystal oscillator circuit. In the Asynchronous Re- 
ceive mode (crystal oscillator option not selected), these 
pins are inputs similar to CTS and DCD. In this mode, 
transitions on these lines affect the state of the Sync/ 
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Hunt status bits in Read Register 0 but have no other 
function. 


In External Synchronization mode with the crystal 
oscillator not selected, these lines also act as inputs. 
In this mode, SYNC must be driven Low two receive 
clock cycles after the last bit inthe SYNC character is re- 
ceived. Character assembly begins on the rising edge 
of the receive clock immediately preceding the activa- 
tion of SYNC. 


in the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these 
pins act as outputs and are active only during the part of 
the receive clock cycle in which SYNC characters are 
recognized. The SYNC condition is not latched, so 
these outputs are active each time a SYNC pattern is 
recognized (regardless of character boundaries). In 
SDLC mode, these pins act as outputs and are valid on 
receipt of a flag. 


TRxCA, TRxCB 
Transmit/Receive Clocks 
(Inputs/Outputs; Active Low) 


These pins can be_ programmed in several different 
modes of operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or supply the out- 


not Af tha dAinital nhaan lockod lnaan tho orysta! oscilla- 
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tor, the baud rate generator, or the transmit clock in the 
output mode. 





TxDA, TxDB 
Transmit Data (Outputs; Active High) 


These output signals transmit serial data at standard 
TTL levels. 


This is the master SCC clock used to synchronize inter- 
nal signals. PCLK is not required to have any phase re- 
lationship with the master system clock. PCLK is a TTL- 
level signal. Maximum transmit rate is 1/4 PCLK. 


WR 
Write (Input; Active Low) 


When the SCC is selected, this signal indicates a Write 
operation. The coincidence of RD and WRis interpreted 
as a reset. 


W/REQA, W/REQB 

Wait/Request (Outputs; Open drain when 
programmed for a Wait function, driven High or Low 
when programmed for a Request function) 

These dual-purpose outputs may be programmed as 
Request lines for a DMA controller or as Wait lines to 
synchronize the CPU to the SCC data rate. The reset 
state is Wait. 


Vee 
+ 5-V Power Supply 
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ARCHITECTURE 

The Am8530H internal structure includes two full- 
duplex channels, two baud rate generators, internal 
control and interrupt logic, and a bus interface to a non- 
multiplexed CPU bus. Associated with each channel are 
a number of read and write registers for mode control 
and status information, as well as logic necessary to 
interface with modems or other external devices 
(Figure 1). 


The logic for both channels provides formats, synchroni- 
zation, and validation for data transferred to and from 


the channel interface. The modem control inputs are . 


monitored by the control logic under program control. All 
of the modem control signals are general-purpose in na- 
ture and can optionally be used for functions other than 
modem control. 


The register set for each channel includes ten control 
(write) registers, two synchronous character (write ) reg- 
isters, and four status (read) registers. In addition, each 
baud rate generator has two (read/write) registers for 
holding the time constant that determines the baud rate. 
Finally, associated with the interrupt logic is a write reg- 
ister for the interrupt vector accessible through either 
channel, a write-only Master Interrupt Control! register 
and three read registers: one containing the vector with 
status information (Channel B only), one containing the 
vector without status (A only), and one containing the In- 
terrupt Pending bits (A only). 
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The registers for each channel are designated as fol- 
lows: 


WR15-WRO—Write Registers 15 through 0. 


RRO-RR3, RR10, RR12, RR13, RR15—Read Regis- 
ters 0 through 3, 10, 12, 13, 15. 


The following table lists the functions assigned to each 
read or write register. The SCC contains only one WR2 
and WR9, but they can be accessed by either channel. 
All other registers are paired (one for each channel). 


Data Path 

The transmit and receive data path illustrated in Figure 2 
is identical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme creates 
additional time for the CPU to service an interrupt at the 
beginning of a block of high-speed data. Incoming data 
is routed through one of several paths (data or CRC) de- 
pending on the selected mode (the character length in 
asynchronous modes also determines the data path). 


The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and a 20-bit transmit 
shift register that can be loaded either from the sync- 
character registers or from the transmit data register. 
Depending on the operational mode, outgoing data is 
routed through one of four main paths before it is trans- 
mitted from the Transmit Data output (TxD). 


Table 1. Read and Write Register Functions 


Read Register Functions 


RRO Transmit/receive buffer status and external status 
RR1 Special receive condition status 
RR2 Modified interrupt vector 

(Channel B only) 

Unmodified interrupt vector 

(Channel A only) 
RR3 Interrupt pending bits 

(Channel A only) 
RR8 Receive buffer 
RR10_ Miscellaneous status | 
RR12_ ~Lower byte of baud rate generator time constant 
RR13 Upper byte of baud rate generator time.constant 
RR15 ~~‘ External/status interrupt information . 


Write Register Functions 


WRO~ CRC initialize, initialization commands for the 
various modes, shift right/shift left command 

WR1 Transmit/receive interrupt and data transfer mode 
definition 

WRz2 __Interrupt vector (accessed through either channel) 

WR3__—s Receive parameters and control 

WR4 __ Transmit/receive miscellaneous parameters and 
modes 

WR5 ‘Transmit parameters and controls 

WR6 ~~ Sync character or SDLC address field 

WR7 ~~ Sync character or SDLC flag 

WR8 _ Transmit buffer 

WR9 ss Master interrupt control and reset (accessed 

through either channel) . 

Miscellaneous transmitter/receiver control bits 

WR11_— Clock mode control 

Lower byte of baud rate generator time constant 

Upper byte of baud rate generator time constant 

Miscellaneous control bits 

External/Status interrupt control 
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DETAILED DESCRIPTION 

The functional capabilities of the SCC can be described 
from two different points of view: as a data communica- 
tions device, it transmits and receives data in a wide va- 
riety of data communications protocols; as a micropro- 
cessor peripheral, itinteracts with the CPU and provides 
vectored interrupts and handshaking signals. 


Data Communications Capabilities 

The SCC provides two independent full-duplex chan- 
nels programmable for use in any common asynchro- 
nous or synchronous data-communication protocol. 
Figure 2 and the following description briefly detail these 
protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished inde- 
pendently on each channel with five to eight bits per 


character, plus optional even or odd parity. The trans- - 


mitters can supply one, one-and-a-half or two stop bits 
per character and can provide a break output at any 
time. The receiver break-detection logic interrupts the 
CPU both atthe start and at the end of a received break. 
Reception is protected from spikes by a transient spike- 
rejection mechanism that checks the signal one-half a 
bit time after a Low level is detected on the receive data 
input (RxDA or RxDB in the Am8530H Logic Symbol). If 
the Low does not persist (as in the case of a transient), 
the character assembly process does not start. 


Framing errors and overrun errors are detected and 
buffered together with the partial character on which 


they occur. Vectored interrupts allow fast servicing or er- 
ror conditions using dedicated routines. Furthermore, a 
built-in checking process avoids the interpretation of 
framing error as a new Start bit: a framing error results in 
the addition of one-half a bit time to the point at whichthe 
search for the next start bit begins. 


The SCC does not require symmetric transmit and re- 
ceive clock signals—a feature allowing use of the wide 
variety of clock sources. The transmitter and receiver 
can handle data at a rate of 1, '/16, '/32, or '/64 of the 
clock rate supplied to the receive and transmit clock in- 
puts. In asynchronous modes, the SYNC pin may be 
programmed as an input used for functions, such as 
monitoring a ring indicator. 


Synchronous Modes 


The SCC supports both byte-oriented and bit-oriented 
synchronous communication. Synchronous byte-ori- 
ented protocols can be handledin several modes, allow- 
ing character synchronization with a 6-bit or 8-bit 
synchronous character (Monosync), any 12-bit syn- 
chronous pattern (Bisync), or with an external synchro- 
nous signal. Leading synchronous characters can be 
removed without interrupting the CPU. 


5- or 7-bit synchronous characters are detected with 8- 
or 16-bit patterns in the SCC by overlapping the larger 
pattern across multiple incoming synchronous charac- 
ters as shown in Figure 3. 





Parity 
Start | Stop 


' v 


Marking Line | [ Data | ] ; | [ data | | | | [ vata |] iN Marking Line 


Asynchronous 


[sine | bana | 


| Data | crc: | crce | 


Monosync 


| syne | syne | Data | 


Signal 


Bisyne 


Tose [ ono, | onc 


External Sync 


SDLC/HDLC/X.25 


00970F-005 


Figure 2. SCC Protocols 
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Figure 3. Detecting 5- or 7-Bit Synchronous Characters 


CRC checking for Synchronous byte-oriented modes is 
delayed by one character time so that the CPU may dis- 
able CRC checking on specific characters. This permits 
the implementation of protocols, such as IBM Bisync. 


Both CRC-16 (X'64 X54 X24.1) and CCITT (X'6+ X17 4 
X°+ 1) errorchecking polynomials are supported. Either 
polynomial may be selected in all synchronous modes. 
Users may preset the CRC generator and checker to all 
1s or all 0s. The SCC also provides a feature that auto- 
matically transmits CRC data when no other data is 
available for transmission. This allows for high-speed 
transmissions under DMA control with no need for CPU 
intervention at the end of amessage. When there is no 
data or CRC to send in synchronous modes, the trans- 
mitter inserts 6-, 8-, or 16-bit synchronous characters, 
regardless of the programmed character length. 


The SCC supports synchronous bit-oriented protocols, 
such as SDLC and HDLC, by performing automatic flag 
sending, zero insertion, and CRC generation. A special 
command can be used to abort a frame in transmission. 
At the end of a message, the SCC automatically trans- 
mits the CRC and trailing flag when the transmitter un- 
derruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag charac- 
ters or asteady marking condition. 


If a transmit underrun occurs in the middle of a mes- 
sage, an external/status interrupt warns the CPU of this 
status change so that an abort may be issued. The SCC 
may also be programmed to send an abort itself in case 
of an underrun, reliving the CPU of this task. One to 
eight bits per character canbe sent allowing reception of 
a message with no prior information about the character 
structure in the information field of a frame. 


The receiver automatically acquires synchronization on 
the leading flag of a frame in SDLC or HDLC and pro- 
vides a synchronization signal on the SYNC pin (an in- 
terrupt can also be programmed). The receiver can be 
programmed to search for frames addressed by a single 
byte (or four bits within a byte) of a user-selected ad- 
dress or to a global broadcast address. !In this mode, 
frames not matching either the user-selected or broad- 
cast address are ignored. The number of address bytes 
can be extended under software control. For receiving 
data, an interrupt on the first received character, or an 
interrupton every character, or on special condition only 
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(end-of-frame) can be selected. The receiver automati- 
cally deletes all 0s inserted by the transmitter during 
character assembly. CRC is also calculated and is auto- 
matically checked to validate frame transmission. At the 
end of transmission, the status of a received frame is 
available in the status registers. In SDLC mode, the 
SCC must be programmed to use the SDLC CRC poly- 


. nomial, but the generator and checker may be preset to 


all 1s or all Os. The CRC is inverted before transmission 
and the receiver checks against the bit pattern 
0001110100001111. 


NRZ, NRZI or FM coding may be used in any 1X mode. 
The parity options available in asynchronous modes are 
available in synchronous modes. 


The SCC can be conveniently used under DMA control 
to provide high-speed reception or transmission. In re- 
ception, for example, the SCC can interrupt the CPU 
when the first character of a message is received. The 
CPU then enables the DMA to transfer the message to 
memory. The SCC then issues an end-of-frame inter- 
rupt and the CPU can check the status of the received 
message. Thus, the CPU is freed for other service while 
the message is being received. The CPU may also en- 
able the DMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to be trans- 
ferred via the DMA. 


SDLC Loop Mode 


The SCC supports SDLC Loop mode in addition to nor- 
mal! SDLC. Inan SDLC Loop, there is a primary control- 
ler station that manages the message traffic flow and 
any number of secondary stations. In SDLC Loop mode, 
the SCC performs the functions of a secondary station 
while an SCC operating in regular SDLC mode can act 
as a controller (Figure 4). 


Asecondary station in an SDLC Loop is always listening 
to the messages being sent around the loop and, in fact, 
must pass these messages to the rest of the loop by 
retransmitting them with a one-bit-time delay. The sec- 
ondary station can place its own message on the loop 
only at specific times. The controller signals that secon- 
dary stations may transmit messages by sending a spe- 
cial character, called an EOP (End of Poll), around the 
loop. The EOP character is the bit pattern 11111110. 
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Because of zero insertion during messages, this bit pat- 
tern is unique and easily recognized. 





Secondary #1 
Secondary #3 


Figure 4. An SDLC Loop 


Secondary #2 
Secondary #4 
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When a secondary station has a message to transmit 
and recognizes an EOP on the line, it changes the last 
binary one of the EOP to a zero before transmission. 
This has the effect of turning the EOP into a flag se- 
quence. The secondary station now places its message 
onthe loop and terminates the message with an EOP. 
Any secondary stations further down the loop with mes- 
sages to transmit can then append their messages to 
the message of the first secondary station by the same 
process. Any secondary stations without messages to 
send merely echo the incoming messages and are pro- 
hibited from placing messages on the loop (except upon 
recognizing an EOP). - , 


SDLC Loop mode is a programmable option inthe SCC. 
NRZ, NRZI, and FM coding may all be used in SDLC 
Loop mode. 


Baud Rate Generator 


Each channel in the SCC contains a programmable 
baud rate generator. Each generator consists of two 
8-bit time constant registers that form a 16-bit time con- 
stant, a 16-bit down counter, and a flip-flop on the output 
producing a square wave. On start-up the flip-flop onthe 
output is set in a High state; the value in the time con- 
stant register is loaded into the counter; and the counter 
starts counting down. The output of the baud rate gen- 
erator toggles upon reaching zero; the value in the time 
constant register is loaded into the counter; and the 
process is repeated. The time constant may be changed 
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at any time, but the new value does not take effect until 
the next load of the counter. 


The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 


If the receive clock or transmit clock is not programmed 
to come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 








The following formula relates the time constant to the 
baud rate. (The baud rate is in bits/second and the BR 
clock period is in seconds.) 


4 
baud rate = ————————— 
2 (time constant +2) - (BR clock period) 


Time Constant Values 
for Standard Baud Rates at BR Clock 


= 3.9936 MHz 
Rate Time Constant 
(Baud) (decimal/Hex notation) Error 
19200 102 (0066) 0 
9600 206 (O0CE) 0 
7200 275 (0113) 0.12% 
4800 414 (0196) 0 
3600 553 (0229) 0.06% 
2400 830 (033E) 0 
2000 996 (03E4) 0.04% 
1800 “1107 (0453) 0.03% 
1200 1662  (067E) 0 
600 3326  (OCFE) 0 
300 6654 (19FE) 0 
150 13310 . (33FE) 0 
134.5 14844 (39FC) 0.0007% 
110 18151 (46E7) 0.0015% 
75 26622 (67FE) 0 
50 39934  (98FE) 0 


Digital Phase-Locked Loop 


The SCC contains a digital phase-locked loop (DPLL) to 
recover clock information froma data stream with NRZI 
or FM encoding. The DPLL is driven by a clock that is 
nominally 32 (NRZI) or 16 (FM) times the data rate. The 
DPLLuses this clock, along with the data stream, to con- 
struct a clock for the data. This clock may then be used 
as the SCC receive clock, the transmit clock or both. 
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Bit Center Transition 
Transition = 1 
No Transition = 0 


No Transition = 1 
Transition = 0 


High Low=1 
Low— High=0 
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Figure 5. Data Encoding Methods 


For NRZI encoding, the DPLL counts the 32X clock to 
creaie nominal bit times. As the 32X ciock is counied, 
the DPLL is searching the incoming data stream for 
edges (either 1/0 or 0/1). Whenever an edge is detected, 
the DPLL makes a count adjustment (during the next 
counting cycle), producing a terminal count closer to the 
center of the bit cell. 


For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the 
DPLL is locked, the clock edges in the data stream 
should occur between counts 15 and 16 and between 
counts 31 and 0. The DPLL looks for edges only during a 
time centered on the 15/16 counting transition. 


The 32X clock for the DPLL can be programmed to 
come from either the RTxC input or the output of the 
baud rate generator. The DPLL output may be pro- 
grammed to be echoed out of the SCC via the TRxC pin 
(if this pin is not being used as an input). 





Data Encoding 


The SCC may be programmed to encode and decode 
the serial data in four different ways (Figure 5). In NRZ 
encoding, a 1 is represented by a High level, and a 0 is 
represented by a Low level. In NRZI encoding, a 1 is rep- 
resented by no change in level, and a 0 is represented 
by a change in level. In FM; (more properly, bi-phase 
mark), a transition occurs at the beginning of every bit 
cell. A 1 is represented by an additional transition at the 
center of the bit cell, and a 0 is represented by no addi- 
tional transition at the center of the bit cell. In FMo 
(bi-phase space), a transition occurs at the beginning of 
every bit cell. A 0 is represented by an additional transi- 
tion at the center of the bit cell, anda 1 is represented by 
no additional transition at the center of the bit cell. In ad- 


dition to these four methods, the SCC can be used to de- 
code Manchesier (bi-pnase ievei) Gata by using the 
DPLL in the FM mode and programming the receiver for 
NRZ data. Manchester encoding always produces a 
transition at the center of the bit cell. If the transition is 
0/1, the bit is a 0. If the transition is 1/0, the bit is a 1. 


Auto Echo and Local Loopback 

The SCC is capable of automatically echoing everything 
it receives. This feature is useful mainly in asynchro- 
nous modes but works in synchronous and SDLC 
modes as well. In Auto Echo mode, TxD is RxD. Auto 
Echo mode can be used with NRZI or FM encoding with 
no additional delay, because the data stream is not de- 
coded before retransmission. In Auto Echo mode, the 
CTS input is ignored as a transmitter enable (although 
transitions on this input can still cause interrupts if pro- 
grammed to do so). In this mode, the transmitter is actu- 
ally bypassed, and the programmer is responsible for 
disabling transmitter interrupts and WAIT/REQUEST on 
transmit. 


The SCC is also capable of local loopback. In this mode, 
TxD is RxD just as in Auto Echo mode. However, in Lo- 
cal Loopback mode, the internal transmit data is tied to 
the internal receive data, and RxD is ignored (except to 
be echoed out via TxD). The CTS and DCD inputs are 
also ignored as transmit and receive enables. However, 
transitions on these inputs can still cause interrupts. Lo- 
cal Loopback works in asynchronous, synchronous and 
SDLC modes with NRZ, NRZI or FM coding of the data 
stream. 
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I/O Interface Capabilities 

The SCC offers the choice of Polling, interrupt (vectored 
or nonvectored), and Block Transfer modes to transfer 
data, status, and control information to and from the 
CPU. The Block Transfer mode can be implemented un- 
der CPU or DMA control. 


Polling 

All interrupts are disabled. Three status registers in the 
SCC are automatically updated whenever any function 
is performed. For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The idea be- 
hind polling is for the CPU to periodically read a status 
register until the register contents indicate the need for 
data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes 
data, reads data, or continues. Two bits in the register 
indicate the need for data transfer. An alternative is a 
poll of the Interrupt Pending register to determine the 
source of an interrupt. The status for both channels 
resides in one register. 


Interrupts 

Whena SCC responds to an Interrupt Acknowledge sig- 
nal (INTACK) from the CPU, an interrupt vector may be 
placed on the data bus. This vector is written in WR2 and 
may be read in RR2A or RR2B (Figures 7 and 8). 


To speed interrupt response time, the SCC can modify 
three bits in this vector to indicate status. If the vector is 
read in Channel A, status is never included; if itis read in 
Channel B, status is always included. 





Each of the six sources of interrupts in the SCC (Trans- 
mit, Receive and External/Status interrupts in both 
channels) has three bits associated with the interrupt 
source: Interrupt Pending (IP), Interrupt Under Service 
(IUS), and Interrupt Enable (IE). Operation of the IE bit is 
straightforward. If the IE bit is set for a given interrupt 
source, then that source can request interrupts. The ex- 
ception is when the MIE (Master Interrupt Enable) bit in 
WR¢ is reset and no interrupts may be requested. The 
IE bits are write-only. 


The other two bits are related to the Z-Bus interrupt pri- 
ority chain (Figure 6). As a Z-Bus peripheral, the SCC 
may request an interrupt only when no higher priority de- 
vice is requesting one; e.g., when IEI is High. If the de- 
vice in question requests an interrupt, it pulls down INT. 
The CPU then responds with INTACK, and the interrupt- 
ing device places the vector on the A/D bus. 
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Inthe SCC, the !P bit signals aneed for interrupt servic- 
ing. When an IP bit is 1 and the IE! input is High, the INT 
output is pulled Low, requesting an interrupt. In the 
SCC; if the IE bit is not set by enabling interrupts, then 
the IP for that source can never be set. The IP bits are 
readable in RR3A. 


The IUS bits signal that an interrupt request is being 
serviced. !f an 1US is set, all interrupt sources of lower 
priority in the SCC and external to the SCC are pre- 
vented from requesting interrupts. The internal interrupt 
sources are inhibited by the state of the internal daisy 
chain, while lower priority devices are inhibited by the 
IEO output of the SCC being pulled Low and propagated 
to subsequent peripherals. An IUS bitis set during an In- 
terrupt Acknowledge cycle if there are no higher priority 
devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive 
and External/Status. Each interrupt type is enabled un- 
der program control with Channel A having higher prior- 
ity than Channel B, and with Receive, Transmit and Ex- 
ternal/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is enabled, 
the CPU is interrupted when the transmit buffer be- 
comes empty. (This implies that the transmitter must 
have had a data character written into it so that it can be- 
come empty.) When enabled, the Receive can interrupt 
the CPU in one of three ways: 


@ Interrupt on First Receive Character or Special 
Receive condition. 


— interrupt on all Receive Characters or Special 
Receive condition. 


™ Interrupt on Special Receive condition only. 


Interrupt on First Character or Special Condition and In-. 
terrupt on Special Condition Only are typically used with 
the Block Transfer mode. A Special Receive Condition 
is one of the following: receiver overrun, framing error in 
asynchronous mode, End-of-Frame in SDLC mode, and 
optionally, a parity error. The Special Receive Condition 
Interrupt is different from an ordinary receive character 
available interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt can occur from 
Special Receive condition any time after the first receive 
character interrupt. 
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Peripheral 
IE! AD7-ADO INT INTACK IEO 


D7-Do 
AD7—ADO 





Figure 6. Z-Bus Interrupt Schedule 


The main function of the External/Status Interrupt is to 
monitor the signal transitions of the CTS, DCD, and 
SYNC pins; however, an External/Status Interrupt is 
also caused by a Transmit Underrun condition, a zero 
count in the baud rate generator, the detection of a 
Break (asynchronous mode), Abort (SDLC mode) or 
EOP (SDLC Loop mode) sequence in the data stream. 
The interrupt caused by the Abort or EOP has a special 
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EOP sequence is detected or terminated. This feature 
facilitates the proper termination of the current mes- 
sage, correct initialization of the next, message, and the 
accurate timing of the Abort condition in external logic in 
SDLC mode. In SDLC Loop mode, this feature allows 
secondary stations to recognize the wishes of the 
primary station to regain control of the loop during a poll 
sequence. 





CPU/DMA Block Transfer 

The SCC provides a Block Transfer mode to accommo- 
date CPU block transfer functions and DMA controllers. 
The Block Transfer mode uses the WAIT/REQUEST out- 
put in conjunction with the WAIT/REQUEST bits in WR1. 
The WAIT/REQUEST output can be defined under soft- 
ware control as a WAIT line in the CPU Block Transfer 
mode orasa REQUEST line in the DMA Block Transfer 
mode. 


To a DMA controller, the SCC REQUEST output indi- 
cates that the SCC is ready to transfer data to or from 
memory. To the CPU, the WAIT line indicates that the 
SCC is not ready to transfer data, thereby requesting 
that the CPU extend the I/O cycle. The DTR/REQUEST 
line allows full-duplex operation under DMA control. 











PROGRAMMING INFORMATION 


Each channel has 15 write registers that are individually 
programmed from the system bus to configure the func- 
tional personality of each channel. Each channel also 
has 8 read registers from which the system can read 
status, baud rate, or interrupt information. 


IE! AD7—-ADO INT INTACK IEO 


Peripheral Peripheral 









lE1 AD7-ADo INT INTACK 
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In the Am8530H only the four data registers (Read or 
Write for Channels A and B) are directly selected by a 
High on the D/C input and the appropriate levels on the 
RD, WR, and A/B pins. All other registers are address- 
able indirectly by the content of Write Register 0 in con- 
junction with a Low on the D/C input and the appropriate 
levels on the RD, WR, and A/B pins. If bit D3 in WRO is 1 
and bits 5 and6 are 0, then bits 0, 1, 2 address the higher 


raniatare QO thraniah 4E if White A EO GG aanntain a Aiffarant 
Mywiwre & wwougnl tO. He FT, OG, O CV  UNIUPCT 


code, bits 0, 1, 2 address the lower registers 0 through 7 
as shown in Table 2. 


Writing to or reading from any register except 
RRO, WRO and the Data Registers thus involves two 
operations. 


First, write the appropriate code into WRO, then follow 
this by a write or read operation on the register thus 
specified. Bits 0 through 4 in WWO are automatically 
cleared after this operation, so that WW0 then points to 
WRO or RRO again. 


Channel! A/Channel B selection is made by the A/D input 
(High=A,Low=B). 


In AM8530H, the system program first issues a series of 
commands to initialize the basic mode of operation. This 
is followed by other commands to qualify conditions 
within the selected mode. For example, the asynchro- 
nous mode, character length, clock rate, number of stop 
bits, even or odd parity might be set first. Then the inter- 
rupt mode would be set and, finally, receiver or transmit- 
ter enable. 


Read Registers 


The SCC contains eight Read registers (actually nine, 
counting the receive buffer (RR8) in eachchannel). Four 
of these may be read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers (RR12 and 
RR13) may be read to learn the baud rate generator 
time constant. RR2 contains either the unmodified inter- 
rupt vector (Channel A) or the vector modified by status 
information (Channel B). RR3 contains the Interrupt 
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Pending (IP) bits (Channel A). Figure 7 shows the for- 
mats for each Read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring. For example, when the inter- 
rupt vector indicates a Special Receive Condition inter- 
rupt, all the appropriate error bits can be read from a 
single register (RR1). 


Write Registers 


The SCC contains 15 Write registers (16 counting WR8, 
the transmit buffer) in each channel. These Write regis- 
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ters are programmed separately to configure the func- 
tional “personality” of the channels. In addition, there are 
two registers (WR2 and WR9) shared by the two chan- 
nels that can be accessed through either of them. WR2 
contains the interrupt vector for both channels, while 
WRS contains the interrupt control bits. Figure 8 shows 
the format of each Write register. 


Table 2. Register Addressing 


D/C “Point High” 
Code in WRO: 

Either Way 
Not True 
Not True 
Not True 
Not True 
Not True 
Not True 
Not True 
Not True 
True 
True 
True 
True 
True 
True 
True 


X 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


True 


D2 OD 
In WRO 


1 Write Read 
: Register Register 
X X 


-"- Oo - O77 OF 07 02+ 0+>+ 0 2+ 0 
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Read Register 0 


[D7] Ds] Ds} D.| Ds] Da] D: | Do 


Rx Character Available 
Zero Count 

Tx Buffer Empty 

DCD 


SYNC/Hunt _ 
CTS 

Tx Underrun/EOM 
Break/Abort 


Read Register 1 


All Sent 

Residue Code 2 
Residue Code 1 
Residue Code 0 
Parity Error 

Rx Overrun Error 


CRC/Framing Error 
L______ End-of-Frame (SDLC) 





Read Register 10 


0 
On Loop 
0 


0 
Loop Sending 
0 


Two Clocks Missing 
One Clock Missing 





Read Register 12 


D7] D.|0;]0.] 0. D-]0, [D. 


TCo 
TC, 
TC2 
TCs 


TCs 
TCe 
TC; 


Lower Byte of 
TCs Time Constant 


Read Register 2 


D» | D|Ds| D.| Ds] Da|D,[D.| 


Vo 
v1 
V2 
V3 Interrupt Vector* 
V4 
V5 
V6 
V7 


*Modified in B Channel 


Read Register 3 


Channel B EXT/STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 


: 0 
a res eee 





“Always 0 in B Channel 


Read Register 13 


TCa 
TCs 
TCr0 
TC 
TCr2 
TCis 
TCr4 
TCis 


Upper Byte of 
Tine Consan 





Read Register 15 


0 

Zero Count IE 

0 

DCD IE 

SYNC/Hunt IE 

CTS IE 

Tx Underrun/EOM IE 
Break/Abort IE 
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Figure 7. Read Register Bit Functions 
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Write Register 0 


Register 


Oor 
1 or 
2or 
3 or 
4or 
5 or 
6 or 
7or 





| 1|_ 1] 0} 
Null Code 
Point High Register Group 
Reset Ext/Status Interrupts 
Send Abort 

Enable Int on Next Rx Character 
Reset Tx Int Pending 

Error Reset 

Reset Highest IUS 





Null Code 

Reset Rx CRC Checker {| Of 1] 

Reset Tx CRC Generator [ 1] 0| 
Reset Tx Underrun/EOM Latch [ 1] 1] 





Write Register 1 


Ext Int Enable 

Tx Int Enable 

Parity is Special Condition 
Rx Int Disable 

Rx Int on First Character or Special Condition 
Int on All Rx Characters or Special Condition 
Rx Int on Special Condition Only 


Wait/DMA Request on Receive/Transmit 
Wait/DMA Request Function 
Wait/DMA Request Enable 






Write Register 3 


Rx Enable 
Sync Character Load Inhibit 
Address Search Mode (SDLC) 
Rx CRC Enable 
Enter Hunt Mode 
Auto Enable 





Rx 5 Bits/Character 
Rx 7 Bits/Character 
Rx 6 Bits/Character 
Rx 8 Bits/Character 


Figure 8. Write Register Bit Functions (Continued) 
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Write Register 2 


Vo 
V1 
V2 
V3 Interrupt Vector* 
V4 
V5 
V6 
V7 


Write Register 4 


Parity Enable 
Parity Even/Odd 


Sync Modes Enable 

1 Stop Bit/Character 

1 1/2 Stop Bits/Character 
2 Stop Bits/Character 


1010} 8-Bit Sync Character 

LOl 1] 16-Bit Sync Character 
L110} SDLC Mode (01111110 Flag) 
Litt) External Sync Mode 


X1 Clock Mode 

X16 Clock Mode 
X32 Clock Mode 
X64 Clock Mode 
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2-19 


cl AMD 


Write Register 5 













Tx CRC Enable 
RTS 
SDLC/CRC-16 
Tx Enable 
Send Break 


| Ol QO] Tx 5 Bits (or less)/Character 
Ol 1] Tx 7 Bits/Character 
| 1] 0} Tx 6 Bits/Character 
Lil 1] Tx 8 Bits/Character 


DTR 


Write Register 6 





SYNC; SYNC. 
SYNC, SYNCo 
SYNC; SYNC. 
SYNC; SYNC2 
ADR, ADRe 
ADR; ADRe 


SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo Monosync 8 Bits 
SYNC; SYNC, SYNC; SYNCz2 SYNC; SYNC.  Monosync 8 Bits 
SYNC; SYNC. SYNC; SYNCz2 SYNC; SYNC, _ Bisync 16 Bits 
SYNC, SYNCo 1. 1 1 1 Bisync 12 Bits 
ADRs ADR, ADR; ADR. ADR; ADRo SDLC 

ADRs ADR, { { 1 1 SDLC (Address 0) 


Write Register 7 





SYNC, 

SYNCs 

SYNCs 

SYNC; 
0 
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SYNC, SYNCs SYNC, SYNC; SYNCz2 SYNC; SYNC,  Monosync 8 Bits 
SYNC, SYNC; SYNCz2 SYNC, SYNCo 1 1 Monosync 8 Bits 
SYNCu SYNCiz SYNCi2 SYNC SYNCio SYNC. SYNCe  Bisync 16 Bits 
SYNCio SYNC. SYNCs SYNC; SYNCs SYNC; SYNC,  Bisync 12 Bits 


{ 


1 1 1 1 1 0 SDLC 


00970F-0114 
Figure 8. Write Register Bit Functions (Continued) 
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Write Register 9 


MIE 
Status High/Status Low 
0 








No Reset 
Channel Reset B 
Channel Reset A 
Force Hardware Reset 


*Added Enhancement 


Write Register 11 
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Write Register 10 


6-Bit/8 BitSync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 








NRZ 
NRZl 

FM1 (Transition = 1) 
FMO (Transition = 0) 


CRC Preset /O © 


Write Register 12 


1D» [D.] Ds] D.]D.| D-[D.] 0. 


TRxC Out = XTAL Output re 
TRxC Out = Transmit Clock TC, 
110] TRxC Out = BR Generator Output TC. Lower Byte of 
Lilil TRxC Out = DPLL Output Tc, f Time Constant 
TRxC ON TCs 
TCs 
(0) 0] Transmit Clock = RTxC Pin TCG; 
|01 1] Transmit Clock = TRxC Pin 
110] Transmit Clock = BR Generator Output 
Transmit Clock = DPLL Output 
[of 0} Receive Clock = RIxC Pin 
| O[ 1} Receive Clock =. TRxC Pin 
| 1] 0} Receive Clock = BR Generator Output 
Lil i} Receive Clock = DPLL Output 





RIxC XTAL/No XTAL 


00970F-011 


Figure 8. Write Register Bit Functions (Continued) 
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Write Register 13 





Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 






Null Command 
Enter Search Mode 

Reset Missing Clock 
Disable DPLL 

Set Source = BRG Generator 
Set Source = RTxC 

Set FM Mode 

Set NRZI Mode 


Figure 8. Write Register Bit Functions (Continued) 


Am8530H Timing 

The SCC generates internal contol signals from WR 
and RD that are related to PCLK. Since PCLK has no 
phase relationship with WR and RD, the circuitry gener- 
ating these internal control signals must provide time for 
metastable conditions to disappear. This gives rise toa 
recovery time related to PCLK. The recovery time ap- 
plies only between bus transactions involving the SCC. 
The recovery time required for proper operation is speci- 
fied from the rising edge of WRor RD inthe first transac- 
tion involving the SCC to the falling edge of WRor RD in 
the second transaction involving the SCC. This time 
must be at least 6 PCLK cycles plus 200 ns. 


Read Cycle Timing 


Figure 9 illustrates Read cycle timing. Addresses on A/B 
and D/C and the status on INTACK must remain stable 
throughout the cycle. If CE falis after RD falls or if it rises 
before RD rises, the effective RD is shortened. 





TCs 
TCs 


TC; 
Tc, Upper Byte of 


TGs Time Constant 
TCi3 : 


TCs 
TCis 


Write Register 15 


0 

Zero Count IE 
0 

DCD IE 
Sync/Hunt IE 
CTSIE 


Tx Underrun/EOM IF 
C——__—__—-_ Break/Abort IE 


00970F-011 


Write Cycle Timing 


Figure 10 illustrates Write cycle timing. Addresses on 
A/B and D/C and the status on INTACK mustremain sta- 
ble throughout the cycle. If CE falls after WR falls or if it 
rises before WR rises, the effective WR is shortened. 


Interrupt Acknowledge Cycle Timing | 


Figure 11 illustrates Interrupt Acknowledge cycle timing. 
Between the time INTACK goes Low and the falling 
edge of RD, the internal and external IEI/IEO daisy 
chains settle. If there is an interrupt pending in the SCC 
and IE! is High when RD falls, the Acknowledge cycle is 
intended for the SCC. In this case, the SCC may be pro- 
grammed to respond to RD Low by placing its interrupt 
vector on D7-D0; it then sets the appropriate interrupt- 
under-service latch internally. 
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Address Valid 





——3 


WR 


D7-Do Data Valid 


Figure 9. Read Cycie Timing 00970F-015 


Address Valid 





aoe Nee 


6 ee 
————— i 


D7-D0 Data Valid 


Figure 10. Write Cycle Timing 00970F-016 





NIBGK Ns re, 


ace 
RD eas ney <i 


Figure 11. Interrupt Acknowledge Cycle Timing | 00970F-017 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature —65 to + 150°C Commercial (C) Devices 

Voltage atany Pin > Temperature (Ta) 0 to + 70°C 
Relative to Vss -0.5t0+7.0V Supply Voltage (Vcc) 5V+10% 

Power Dissipation 1.8W 


Operating ranges define those limits between which the func- 
Stresses above those listed under Absolute Maximum tionality of the device is guaranteed, 

Ratings may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to Absolute 

Maximum Ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range 


Parameter Parameter 

Symbol Description Test Conditions Min Max Unit 
Vin Input High Voltage Commercial 2.2 Veco +0.3 OV 
Vir Input Low Voltage -0.3 0.8 V 
Vou Output High Voltage ‘loo = -—250 LA 2.4 V 
Vo Output Low Voltage lo. = +2.0mA 0.4 V 
die Input Leakage 0.4V<Vns24V +10.0 pA 
low Output Leakage 0.4V <Vours2.4V +10.0 pA 
lec Vcc Supply Current 250 mA 
Cm Input Canacitance Linmeasured nins returned 10 nF 
Court Output Capacitance to ground f= 1 MHz at 15 pF 
Cmo Bidirectional Capacitance Ta=25°C 20 pF 


Standard Test Conditions 
The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are 
referenced to GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4.5 Vs Vee s +5.5 V 
GND = OV 
0°C < Tas 70°C 
SWITCHING TEST CIRCUITS 
Standard Test Load Open-Drain Test Load 
+5 V | +5 V 
2.2K 2.2K 
From Output 
Under Test From Output 
Under Test 
100 pF T 250 pA eal 
ee = 00970F-028 00970F-029 
Switching Test Input/Output Waveform 
2.4V 
0.8 Va Points~m 0.8 V. 
0.4V 
00970F-030 


AC testing: Inputs are driven at 2.4 V for a logic 1 and 0.4 V for a logic 0. 
Timing measurements are made at 2.0 V for a logic 1 and 0.8 V for logic 0. 
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SWITCHING CHARACTERISTICS over operating range 
General Timing 



















Parameter Parameter 
Symbol Description 


TdPC(REQ PCLK J to W/REO Valid Dela’ 
TdPC(w PCLK | to Wait Inactive Dela 


TsRXC(PC) RxCT to PCLKTSetup Time ~ 
Notes 1&4 
TsRXD(RXCr) RxD to RxC T Setup Time 
X! Mode) (Note 1 
ThRXD(RXCr) RxD to RxC T Hold Time 
(X! Mode) (Note 1) 





ie) 
an 
jo) 
iw) 
n 
oO 
Nh 
Sa] 
oO 


TsRXD(RXCf) RxD to RxC | Setup Time 
X! Mode) (Notes 1,5 
ThRXD(RXCf) RxD to RxC J Hold Time 
X|_Mode) (Notes 1,5 
TsSY(RXC) SYNC to RxC T Setup Time —200 
Note 1 
ThSY(RXC) SYNC to RxC T Hold Time 3TcPC 
Note 1 +400 
TsTXC(PC) TxC J to PCLK T Setup Time 
(Notes 2, 4) 
TdTXCI(TXD) Tx J to TxD Delay (XI Mode) 
Note 2 
TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 
Notes 2,5 
TdTXD(TRX) TxD to TAxG Delay 
Send Clock Echo 








o>) 
So 
oO 
E 
(oe) 
oO 
E 
i=) 
oO 














—_ 
S2) 
Oo 


RTxC High Width (Note 6 || _sao| | _is0{ —{_as. 

TwRTXI PT tao ts0 | ss | 

RTxC Cycle Time (Notes 6, 7) || eco] | 500 | S| os | 
| 17 [| TcRTXX __| Crystal Oscillator Period (Note 3)| _250|1000 [| 165]1000 | 125 [1000 | ns] - 


1 
2 
3 
4 
5 
7 

10 

11 

12 

13 

14 

15 

16 

17 

18 









| 48 | TwIRXh | TRxC High Width (Note 6 |) igo] | _igof | sof ns | 
| 19 | TwrRX! | TAC Low Width (Note6) | ago{ ss} tsof | 50 | ns | 







| 20 | ToTRX | TRC Cycle Time (Notes 6,7) | tooo] | _eso] | s00| ns | 
| 21 | TwexXT | DODorTSPulsewidth | 200] | 200] | 200 | ns | 


| 22 | twsy | SYNC Pulsewicth | 200] | oof | 00 | ns | 


Notes: 


1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

2. TxC is TRxC or RTXC, whichever is supplying the transmit clock. 

3. Both RIxC and SYNC have 30-pF capacitors to ground connected to them. 

4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC 
and PCLK or TxC and PCLK is required. 

Parameter applies only to FM encoding/decoding. 

Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip 
PCLK requirements. 

7. The maximum receive or transmit data is 1/4 PCLK. 


Or. 
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PCLK Ne Le ef FT TF 
W/REQ | ! 
Request | | \ 
| oJ 
W/REQ | 
Wait 
| 


RIxC, TRxC 
Receive 


RxD 


SYNC 
External 
TRxC, RTxC | 
Transmit 
TxD ¥ Vy Ly 


TRxC 
Output 
| 








ait OO 
RTxC 

1 

| . - | 
ae | | 

-——4 


‘SYNC } \ f 
Input | 


00970F-018 
Figure 12. General Timing 


2-26 Am8530H 


AMD al 


SWITCHING CHARACTERISTICS over operating range (Continued) 
System Timing 




















Parameter 
Description 


Parameter 
Symbol 


Press | geipreocesy [ete [fe [oe [re 
Note 2 
enol => ccna al WIR Bh Eo WR ne 
Notes 1, 2 
(Note 2 
(Notes 1, 2) 
eae [ Eero RRs 
Note 3 
TdTXC(W) Tx Lto Wait Inactive Delay 11 TcPc 
(Notes 1, 3) 
7 TdTXC(DRQ) TxC 1 to DTR/REQ Valid Delay 4 7 4 7 4 7 TcPc 
(Note 3) 
ee ee ee 
Notes 1, 3 
TdSY(INT) SYNC Transition to INT Valid 2 2 2 TcPc 
Delay (Note 1) 
10 | TdEXT(INT) DCD or CTS Transition to INT 2 2 2 TcPc 
Valid Delay (Note 1) 
Notes: 


1. Open-drain, measured with open-drain test load. 
2. RxC is RIxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTXxC, whichever is supplying the transmit clock. 
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RTxC TRxC - a a ae eee ae. ae 

Receive | 

WREQ ee 
Request | 

WREG a 

Wait 
SYNC 

Output ! 

Ne ee et 
me \/ YS VS 
TRxC 

Transmit | | 
WREQ a 
Request H 
WIRED | 
W/REQ | 
Wait | 6 | 


DTR REQ 
Request 


Figure 13. System Timing 00970F-019 
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SWITCHING CHARACTERISTICS over operating range 
Read and Write Timing 

































| aMHz | 
Parameter Parameter 
Symbol Description ars 
|_ns | 
| 50 | 1000 | ns | 
| 3 | tpc | PciKFallTime | St 20 S| to ts | 
| 4 | pc | PCLKRiseTime S| | 20 | to S| ts | 
165 125 | 2000 | ns | 
| 6 | TsA(WR) | AddresstoWR1Set-UpTime | 80} | so | | 70 | ns | 
[7_[ Thar) | Addiessio WR THoldTime | _o| | o| | 0] | as 
| 8 | TsA(RD) _|_AddresstoRD J Set-UpTime_ | 80 f | sof | oT ns | 
| 9 | ThA(RD) | AddresstoRD THoldTime | o | = { of = { of J[ns_ 
| 10 | TsiA(PC) | _INTACKtoPCLKTSet-UpTime| to] | sof | io [ns | 
ll ex I Ml WE 
Note 1 
| 12 | ThiAWR) | INTACKtoWATHoldTime | of | of | of | as| 
nal Wl a Pad 
ote 1 
INTACKtoRDTHold Time | 0 | | zi | ns | 
| 15 | TsCE(WR) | CELowtoWR!Set-UpTime [| so[ esl 
| 16 | ThCE(WR) | CEtoWRTHoldTime sss [| So | 
| 17 | TsCEn(WR) | CEHightoWR1 Set-Up Time | 100] | 
| 18 | TsCE(WR) | CEHightoWRJ Set-Up Time [| 100[ 
(Note 1) 
| 20 | TRCE(RD) {| CEtoRDTHoldTime Ss [| oo | 
21 TsCEh(RD) CE High to RD J Set-Up Time 100 
eee ieee read 
| 22 | TwADI | RD Low Width (Note1) =| 240[ 
| 23 | TdRO(RA) | RD toReadData Active Delay] _o |__| 
TdRDr(DR) RD TtoReadDataNot ee ae 
Valid Dela 
| 25 | TARDIDR) | RD J toRead Data Valid Delay |__| 250_| 
26 | TdRD(DRz) RD T to Read Data Float Delay 70 





Notes: 


1. Parameter does not apply to Interrupt Acknowledge transactions. 


2. Float delay is defined as the time required for a +0.5 V change in the output with a maximum DC load and minimum 
AC load. 


a 
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PCLK 
A/B, D/C 


INTACK 


D7-Do 
Read 


D7-DoO 
Write 





W/REQ 
Wait | 


—_ 4 
WREG ! i ad 2 
Request i | 
a | oO | | 
DTAVREQ le @ ! : 
Request 


Figure 14. Read and Write Timing 00970F-021 
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SWITCHING CHARACTERISTICS over operating range 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing 


Parameter Parameter 
Description 


27 Address Required Valid to Read 300 280 
Data Valid Dela 
28 TwWRI WR Low Width 


29 TsDW(WR) Write Data to WR J Set-Up Time 
30 ThDW(WR) Write Data to WR T Hold Time 
a 


Note 4 
32 RD J to Wait Valid Delay 
Note 4 


33 
34 
35 
36 


37 TdPC(INT) PCLK J to INT Valid Delay 
Note 4 


38 TdlAi(RD) INTACK to RD J (Acknowledge) 
Delay (Note 5 


RD J (Acknowledge) to Read 
Data Valid Dela ; 

IE! to RD J (Acknowledge) 
Set-Up Time 

IE] to RD | (Acknowledge) 
Hold Time 


TdIEMIEO) IEI to IEO Delay Time 
TdPC(IEO PCLK T to IEO Dela 


TdRDA(INT) RD J to INT Inactive Delay 
Note 4 


TdRD(WRQ) RD T to WR J Delay for No Reset 


=) 
77) 


=) 
77) 


a3 


TdWRQ(RD WR T to RD J Delay for No Reset 


Reset 
Tre Valid Access Recovery Time 4TcPC 4TcPC 4TcPC 
(Note 3) 


44 
45 
46 
47 
48 

9 


4 





Notes: 


3. Parameter applies only between transactions involving the SCC. 

4. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any SCC in the daisy chain, TdlAl(RD) must be greater than the sum of TdPC(IEO) for 
the highest priority device in the daisy chain, TsIEI(RDA) forthe SCC, and TdIlEIf(IEO) for each device separating them inthe 
daisy chain. 
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PCLK / \ Z es i 





| ae 
| l 
D7-Do -_ Valid | r 
| 
| 
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Figure 15. Interrupt Acknowledge Timing 00970F-025 


Figure 16. Reset Timing 00970F-026 
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| 


WR or RD 


| 


Figure 17. Cycle Timing 00970G-027 
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Enhanced Serial Communications Controller 


DISTINCTIVE CHARACTERISTICS 
m Fastest data rate of any Am8530 

— 8.192 MHz / 2.048 Mb/s 

— 10 MHz/2.5 Mb/s 

— 16.384 MHz / 4.096 Mb/s 


m Low-power CMOS technology 


m™ §€6Pin and function compatible with other NMOS 
and CMOS 8530s 


w Easily interfaced with most CPUs 
— Compatible with non-multiplexed bus 


m™ Many enhancements over NMOS Am8530H 
— Allows Am85C30 to be used more effectively in 
high-speed applications 
- Improves interface capabilities 
m™ §=Two independent full-duplex serial channels 


m Asynchronous mode features 
— Programmable stop bits, clock factor, character 
length and parity 
~ Break detection/generation 
~ Error detection for framing, overrun, and parity 


m Synchronous mode features 
— Supports IBM® BISYNC, SDLC, SDLC Loop, 
HDLC, and ADCCP Protocols 
- Programmable CRC generators and checkers 
- SDLC/HDLC support includes frame control, 
zero insertion and deletion, abort, and 
residue handling 


GENERAL DESCRIPTION 


AMD's Am85C30 is an enhanced pin-compatible version 
of the popular Am8530H Serial Communications Con- 
troller. The Enhanced Serial Communications Controller 
(ESCC) is a high-speed, low-power, multi-protocol com- 
munications peripheral designed for use with 8- and 
16-bit microprocessors. It has two independent, full- 
duplex channels and functions as a Serial-to-parallel, 
‘parallel-to-serial converter/controller. AMD’s proprietary 
enhancements make the Am85C30 easier to interface 
and more effective in high-speed applications due to a 
reduction in software burden and the elimination of the 
need for some external glue logic. 


The Am85C30 is easy to use due to a variety of sophisti- 


cated internal functions, including on-chip baud rate gen-. 


erators, digital phase-locked loops, and crystal oscilla- 
tors, which dramatically reduce the need for external 
logic. The device can generate and check CRC codes in 
any SYNC mode, and canbe programmed to check data 
integrity in various modes. The ESCC also has facilities 
for modem controls in both channels. In applications 
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m Enhanced SCC functions support high-speed 

frame reception using DMA 

— 14-bit byte counter 

- 10x19 SDLC/HDLC Frame Status FIFO 

— Independent Control on both channels 

— Enhanced operation does not allow special 
receive conditions to lock the 3-byte DATA 
FIFO when the 10 x 19 FIFO is enabled 


w Local Loopback and Auto Echo modes 
Internal or external character synchronization 


m 2-Mb/s FM encoding transmit and receive 
capability using internal DPLL for 16.384-MHz 
product ; 


gm Internal synchronization between RxC to PCLK 
and TxC to PCLK 
— This allows the user to eliminate external 
synchronization hardware required by the NUOS 
device when transmitting orreceiving data at the 
maximum rate of 1/4 PCLK frequency 


where these controls are not needed, the. modem con- 
trols can be used for general-purpose I/O. 


This versatile device supports virtually any serial data 
transfer application such as networks, modems, cas- 
settes, and tape drivers. The ESCC is designed for non- 
multiplexed buses and is easily interfaced with most 
CPUs, such as 80188, 80186, 80286, 8080, Z80, 6800, 
68000 and MULTIBUS™. 


Enhancements that allow the Am85C30 to be used more 

effectively in high-speed applications include: 

@ a10x 19 bit SDLC/HDLC frame status FIFO array 

@ a 14-bit SDLC/HDLC frame byte counter 

® automatic SDLC/HDLC opening frame flag trans- 
mission 

@ TxDpinforced High in SDLC NRZI mode after closing 
flag 

@ automatic SDLC/HDLC Tx underrun/EOM flag reset 

Publication # 10216 Rev. E Amendment /0 


Issue Date: November 1991 


AMD cl 


HJ external PCLK to RxC or TxC synchronization re- | @ =reduced access recovery time (trac) to 3 PCLK best 


quirement eliminated for PCLK divide-by-four case (3 1/2 PCLK worst case) 
operation B improved Wait timing 
Other enhancements to improve the AmM85C30 interface © Al aa WR, WR4, WRS, and WR10 made 


Capabilities include: 
lower priority interrupt masking without INTACK 


wri lid i falli f WR 
wile ete ae soup met felngredge-2 ™ complete SDLC/HDLC CRC character reception 


requirement eliminated 
HI reduced INT response time 


BLOCK DIAGRAM 





Transmitter 
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Channel 
A 
Registers 

















Control 
Logic Pl DTRVREQA 
ia SYNCA 
Control {C W/REQA 
Data eae i Tar 
Internal Bus Channel A il CTSA 


Control 











Channel 





Interrupt 
Control 
Logic 


Interrupt 
Control Lines 










Registers 





RATxCB 
TRCB 
t t t Channel B DTRVREQB 
SYNCB 
WREQB 
+5 V GND PCLK TiSp 
CTsB 
DcbB 
10216A-001A 
RELATED AMD PRODUCTS 


Description Part No. Description 


Am7960 Coded Data Transceiver Am9517A ‘DMA Controller 
80186 Highly Integrated 16-Bit 5380, 53C80 SCSI Bus Controller 


Microprocessor 80188 Highly Integrated 8-Bit 
80286, 80C286 High-Performance 16-Bit Microprocessor 
Microprocessor Am386™ High-Performance 32-Bit 
Microprocessor 
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CONNECTION DIAGRAMS 
Top View | 
DIP PLCC, LCC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Am85C30 











CTISALY 18 23 5 Rise | 
DCDAQ] 19 22 HI CTSB | 
PCLKC} 20 21 A DCDB 


Note: 10216A-002A 10216A-003A 


. Pin 1 is marked for orientation. 





LOGIC SYMBOL 


Data 
Bus 







Bus Timing 
and Reset 


Channel 
Controls 
for 
Modem, 
DMA, or 
Other 


Control 


Serial 
Interrupt Data 
Channel 
Clocks 


Channel 
Controls 
for 
Modem, 
DMA, or 
Other 


+5 V GND PCLK 10216A-004A 
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ORDERING INFORMATION 
Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM85C30 -10 


| enn OPTIONAL PROCESSING 


Blank = Standard Processing 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) - 





SPEED OPTION 
-8 = 8.192 MHz 
-10 = 10 MHz 
-16 = 16.384 MHz 
DEVICE NUMBER/DESCRIPTIO 
Am85C30 . 
Enhanced Serial Communications Controller 
Valid Combinations : veld. combinations 
Valid Combinations list configurations planned to 
AM85C30-8 be supported in volume for this device. Consult 
AM85C30-10 PC, JC the local AMD sales office to confirm availability of 
AM85C30-16 specific valid combinations, to check on newly 


released combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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ORDERING INFORMATION 
Industrial Products 


AMD industrial products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 


AM85C30 -10 J 4 


ACVIAL AAD OCP IACCLDINTINA 
Jon VOR CUNO N ORE WiewVites Fa 


Am85C30 





OPTIONAL PROCESSING 
Blank = Standard Processing 


TEMPERATURE RANGE . 
| = Industrial (~40 to +85°C) 


PACKAGE TYPE 
J = 44-Pin Leadless Chip Carrier (PL 044) 


SPEED OPTION 


-10 =10 MHz 
-16 =16.384 MHz 


Enhanced Serial Communications Controller 


Valid Combinations 


AM85C30-10 
AM85C30-16 





Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 
data on AMD’s standard military grade products. 
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MILITARY ORDERING INFORMATION 


APL Products 


AMD cl 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. 


a combination of: 


AM85C30 


AM85C30-8 
AM85C30-10 
AM85C30-16 








U A 


-10 B 


’ DEVICE NUMBER/DESCRIPTION 
Am85C30 
Enhanced Serial Communications Controller 


Valid Combinations 


BQA, BUA 


. data on 


The order number (Valid Combination) is formed by 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
U = 44-Pin Leadless Chip Carrier (CL 044) 
Q = 40-Pin Ceramic DIP (CD 040) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 

-8 = 8.192 MHz 
-10 = 10 MHz 
-16 = 16.384 MHz 


Valid Combinations 


Valid Combinations list configurations planned to 
be supported in volume for this device. Consult 
the local AMD sales office to confirm availability of 
specific valid combinations, to check on newly 
released combinations, and to obtain additional 


AMD's standard military grade products. 





Am85C30 


2-39 


cl AMD 





PIN DESCRIPTION 

Bus Timing and Reset 

RD 

Read (Input; Active Low) 

This signal indicates a Read operation and, when the 
_ SCC is selected, enables the SCC’s bus drivers. During 
the Interrupt Acknowledge cycle, this signal gates the in- 
terrupt vector onto the bus if the SCC is the highest prior- 
ity device requesting an interrupt. 


WR 

Write (Input; Active Low) 

When the SCC is selected, this signal indicates a Write 
operation. The coincidence of RD and WR is interpreted 
as a reset. 


Channel Clocks 


RTxCA, RTxCB 
Receive/Transmit Clocks (Inputs; Active Low) 


These pins can be programmed in_several different 
modes of operation. In each channel, RTxC may supply 
the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase- 
locked loop. These pins can also be programmed for use 
with the rasnective SYNC nins as a crystal! oscillator. The 
receive clock may be 1, 16, 32, or 64 times the data rate 
in asynchronous modes. 


TRxCA, TRxCB 
Transmit/Receive Clocks 
(Inputs/Outputs; Active Low) 


These pins can be programmed in several different 
modes of operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or supply the out- 
put of the digital phase-locked loop, the crystal oscillator, 
the baud rate generator, or the transmit clock in the out- 
put mode. 


Channel Controls for Modem, DMA, 
or Other 


CTSA, CTSB 
Clear to Send (Inputs; Active Low) 


If these pins are programmed as Auto Enables, aLow on 
these inputs enables their respective transmitters. If not 
programmed as Auto Enables, they may be used as 
general-purpose inputs. Both inputs are Schmitt-trigger 
buffered to accommodate slow rise-time inputs. The 
SCC detects pulses on these inputs and may interrupt 
the CPU on both logic level transitions. 


DCDA, DCDB 
Data Carrier Detect (Inputs; Active Low) 


These pins function as receiver enables if they are pro- 
grammed as Auto Enables; otherwise, they may be used 
as general-purpose input pins. Both are Schmitt-trigger 
buffered to accommodate slow rise-time signals. The 
SCC detects pulses on these pins and may interrupt the 
CPU on both logic level transitions. 





DTR/REQA, DTR/REQB 
Data Terminal Ready/Request 
(Outputs; Active Low) 


These outputs follow the inverted state programmed 
into the DTR bit in WR5. They can also be used as 
general-purpose outputs or as Request Lines fora DMA 
controller. 


RTSA, RTSB 
Request to Send (Outputs; Active Low) 


When the Request to Send (RTS) bit in Write Register 5 
is set, the RTS signal goes Low. When the RTS bit is re- 
setinthe asynchronous mode and Auto Enable is on, the 
signal goes High after the transmitter is empty. In SYNC 
mode, or in asynchronous mode with Auto Enable off, 
the RTS pins strictly follow the inverted state of the RTS 
bit. Both pins can be used as general-purpose outputs. 


In SDLC mode, the AUTO RTS RESET enhancement 
described later in this document brings RTS High after 
the last 0 of the closing flag leaves the TxD pin. 


SYNCA, SYNCB 
Synchronization (Inputs/Outputs; Active Low) 


These pins can act either as inputs, outputs, or part of the 
crystai osciiiator circuit. in the Asynchronous Heceive 
mode (crystal oscillator option not selected), these pins 
are inputs similar to CTS and DCD. In this mode, transi- 
tions on these lines affect the state of the Sync/Hunt 
status bits in Read Register 0 but have no other function. 


In External Synchronization mode with the crystal 
oscillator not selected, these lines also act as inputs. 
In this mode, SYNC must be driven Low two receive 
clock cycles after the last bit in the SYNC character is re- 
ceived. Character assembly begins on the rising edge 
of the receive clock immediately preceding the activation 
of SYNC. 


In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, these pins 
act as outputs and are active only during the part of the 
receive clock cycle in which SYNC characters are recog- 
nized. The SYNC condition is not latched, so these out- 
puts are active each time a SYNC pattern is recognized 
(regardless of character boundaries). In SDLC mode, 





‘these pins act as outputs and are valid on receipt of a 


flag. 


W/REQA, W/REQB 

Wait/Request (Outputs; Open drain when 
programmed for a Wait function, driven High or 
Low when programmed for a Request function) 


These dual-purpose outputs may be programmed as Re- 
quest lines for a DMA controller or as Wait lines to syn- 
chronize the CPU to the SCC data rate. The reset state is 
Wait. 
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Control 

A/B 

Channel A/Channel! B Select (input) 

This signal selects the channel in which the Read or 
Write operation occurs. 

CE 

Chip Enable (Input; Active Low) 


This signal selects the SCC for a Read or Write opera- 
tion. 


DIC 
Data/Control Select (Input) 


This signal defines the type of information transferred to 
or from the SCC. A High means data is transferred; a 
Low indicates a command is transferred. 


Data Bus 


D7—Do 
Data Bus (Input/Output; Three State) 


. These lines carry data and commands to and from the 
SCC. 


Interrupt 


IEI 
Interrupt Enable In (Input; Active High) 


IEl is used with IEO to form an interrupt daisy chainwhen 
there is more than one interrupt-driven device. A High IEI 
indicates that no other higher priority device has an inter- 
rupt under service or is requesting an interrupt. 


IEO 
Interrupt Enable Out (Output; Active High) 


IEO is High only if IEl is High and the CPUis not servicing 
an SCC interrupt or the SCC is not requesting an inter- 
rupt (interrupt acknowledge cycle only). EO is con- 
nected to the next lower priority device's IEI input and 
thus inhibits interrupts from lower priority devices. 
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INT 


Interrupt Request (Output; Active Low, 

Open Drain) 

This signal is activated when the SCC requests an 
interrupt. 


INTACK 


Interrupt Acknowledge (Input; Active Low) . 


This signal indicates an active interrupt acknowledge cy- 
cle. During this cycle, the SCC interrupt daisy chain set- 
tles. When RD becomes active, the SCC places an inter- 
rupt vector on the data bus (if IEI is High). INTACK is 
latched by the rising edge of PCLK. 





Serial Data 
RxDA, RxDB 


Receive Data (Inputs; Active High) 


These input signals receive serial data at standard TTL 
levels. 


TxDA, TxDB 
Transmit Data (Outputs; Active High) 


These output signals transmit serial data at standard 
TTL levels. 


Miscellaneous 
GND 

Ground 

PCLK 

Clock (Input) 


This is the master SCC clock used to synchronize inter- 
nal signals. PCLK is not required to have any phase rela- 
tionship with the master system clock. PCLK is a TTL- 
level signal. Maximum transmit rate is 1/4 PCLK. 


Vee 
+5 V Power Supply 
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ARCHITECTURE 


The ESCC internal structure includes two full-duplex 
channels, two 10 x 19 bit SDLC/HDLC frame status 
FIFOs, two baud rate generators, internal control and in- 
terrupt logic, and a bus interface to a non-multiplexed 
bus. Associated with each channel are a number of Read 
and Write registers for mode control and status informa- 
tion, as well as logic necessary to interface with modems 
or other external devices (see Logic Symbol). 


The logic for both channels provides formats, synchroni- 
zation, and validation for data transferred to and fromthe 
channel interface. The modem control inputs are moni- 
tored by the control logic under program control. Allof the 
modem control signals are general-purpose in nature 
and can optionally be used for functions other than mo- 
dem control. 


The register set for each channel includes ten control 
(Write) registers, two SYNC character (Write) registers, 
and four status (Read) registers. In addition, each baud 
rate generator has two (Read/Write) registers for holding 
the time constant that determines the baud rate. Finally, 
associated with the interrupt logic is a Write register for 
the interrupt vector accessible through either channel, a 
Write-only Master Interrupt Control register, and three 





Internal 
Control 
Logic 


Internal Bus 


Interrupt 
Control 
Logic 


Control 


Interrupt 
Lines 


ray 


+5 V GND PCLK 


_ Figure 1. Block Diagram of ESCC Architecture 









Read registers: one containing the vector with status in- 
formation (Channel B only), one containing the vector 
without status (A only), and one containing the interrupt 
pending bits (A only). 


The registers for each channel are designated as fo!l- 
lows: 


WRO-WR15—Write Registers 0 through 15. An addi- 
tional Write register, WR7 Prime (WR7’), is available for 
enabling or disabling additional SDLC/HDLC enhance- 
ments if bit Do of WR15 is set. 


RRO-RR3, RR10, RR12, RR13, RR15—Read Registers 
0 through 3, 10, 12, 13, and 15. 


If bit D2 of WR15 is set, then two additional Read regis- 
ters, RR6 and RR7, are available. These registers are 
used with the 10 x 19 bit Frame Status FIFO. 


Table 1 lists the functions assigned to each Read 
and Write register. The ESCC contains only one 


-WR2 and WR39, but they can be accessed by either 


channel. All other registers are paired (one for 
each channel). 
















Baud 
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Data Path 


The transmit and receive data path illustrated in NO TAG 
is identical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme creates 
additional time for the CPU to service an interrupt at the 
beginning of a block of high-speed data. Incoming data 
are routed through one of several paths (data or CRC) 
depending on the selected mode (the character length in 
asynchronous modes also determines the data path). 
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The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and a 20-bit transmit 
shift register that can be loaded either from the sync- 
character registers or from the transmit data register. De- 
pending on the operational mode, outgoing data are 
routed through one of four main paths before they are 
transmitted from the Transmit Data output (TxD). 


Table 1. Read and Write Register Functions 


Read Register Functions 


_ Write Register Functions 





RRO Transmit/Receive buffer status and External status WRO Command Register, Register Pointers CRC 
RR1 Special Receive Condition status initialize, initialization commands for the various 
(also 10 x 19 bit FIFO Frame Reception Status if ; modes, shift right/shift left command 
WR15 bit Dz is set) WR1 ___sInterrupt conditions and data transfer mode 
RR2 Modified interrupt vector definition 
(Channel B only) WR2 Interrupt vector (accessed through either channel) 
Unmodified interrupt vector WR3___s Receive parameters and control 
(Channel A only) WR4 ___ Transmit/Receive miscellaneous parameters and 
RR3 Interrupt Pending bits modes 
(Channel A only) WRS5 __ Transmit parameters and controls 
RR6 LSB Byte Count (14-bit counter) WR6 ~—s Sync character or SDLC address field 
(if WR15 bit D2 set) WR7 ~~ Sync character or SDLC flag 
RR7 MSB Byte Count (14-bit counter) WR7’ = SDLC/HDLC enhancements (if bit Doof WR15 is set) 
and 10 x 19 bit FIFO Status (if WR15 bit Dz is set) WR8 __ Transmit buffer 
RR8& Receive buffer WR9 Master interrupt contro! and reset (accessed 
RR10_ Miscellaneous XMTR, RCVR status through either channel) 
RR12_ ~—_Lower byte of baud rate generator time constant WR10_ Miscellaneous transmitter/receiver control bits, data 
RR13 Upper byte of baud rate generator time constant encoding 
RR15 = External/Status interrupt information WR11_— Clock mode control, Rx and Tx clock source 
WR12___Lower byte of baud rate generator time constant 
WR13 Upper byte of baud rate generator time constant 
WR14_ Miscellaneous control bits, DPLL control 
WR15_ External/Status interrupt control 
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Figure 2. Data Path 


DETAILED DESCRIPTION 


The functional capabilities of the ESCC canbe described 
from two different points of view: as a data communica- 
tions device, it transmits and receives data in a wide vari- 
ety of data communications protocols; as a microproces- 
sor peripheral, it interacts with the CPU and provides 
vectored interrupts and handshaking signals. : 


Data Communications Capabilities 


The ESCC provides two independent full-duplex 
channels programmable for use in any common 
asynchronous or SYNC data-communication protocol. 
Figure 3 and the following description briefly detail these 
protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished inde- 
pendently on each channel with 5 to 8 bits per character, 
plus optional even or odd parity. The transmitters can 
supply 1, 1 1/2, or 2 stop bits per character and can pro- 
vide a break output at any time. The receiver break-de- 
tection logic interrupts the CPU both at the start and at 
the end of a received break. Reception is protected from 
spikes by a transient spike-rejection mechanism that 
checks the signal one-half a bit time after a Low level is 
detected on the receive data input. If the Low does not 
persist (as in the case of a transient), the character as- 
sembly process does not start. 


Framing errors and overrun errors are detected and buff- 
ered together with the partial character on which they oc- 


a 


ae 
Asynchronous 


Monosyne 


| Syne | L Sine | 


Marking Line 


External Sync 
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cur. Vectored interrupts allow fast servicing of error con- 
ditions using dedicated routines. Furthermore, a built-in 
checking process avoids the interpretation of framing 
error as a new start bit; a framing error results in the addi- 
tion of one-half a bit time to the point at which the search 
for the next start bit begins. 


The ESCC does not require symmetric transmit and 
receive clock signals—a feature allowing use of the wide 
variety of clock sources. The transmitter and receiver 
can handle data at a rate of 1, 1/16, 1/32, or 1/64 of the 
clock rate supplied to the receive and transmit clock 
inputs. In asynchronous modes, the SYNC pin may be 
programmed as an input used for functions, such as 
monitoring a ring indicator. 


Synchronous Modes ~ 

The ESCC supports both byte-oriented and bit-oriented 
synchronous communication. SYNC byte-oriented pro- 
tocols can be handled in several modes, allowing char- 
acter synchronization with a 6-bit or 8-bit SYNC charac- 
ter (Monosync), any 12-bit or 16-bit SYNC pattern 
(Bisync), or with an external SYNC signal. Leading 
SYNC characters can be removed without interrupting 
the CPU. 


5- or 7-bit SYNC characters are detected with 8- or 16-bit 
patterns in the ESCC by overlapping the larger pattern 
across multiple incoming SYNC characters as shown in 
Figure 4. 


Marking Line 


Information 
SDLC/HDLC x 25 
Figure 3. SCC Protocols 
5 Bits : 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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CRC checking for Synchronous byte-oriented modes is 
. delayed by one character time so that the CPU may dis- 
able CRC checking on specific characters. This permits 
the implementation of protocols, such as IBM BISYNC. 


Both CRC-16 (X'° + X'5 + X24 1) and CCITT (X'°+ X74 
X°+ 1) error-checking polynomials are supported. Either 
polynomial may be selected in BISYNC and MONO- 
SYNC modes. Users may preset the CRC generator and 
checker to all 1s or allOs. The ESCC also provides a fea- 


ture that automatically transmits CRC data when no. 


other data are available for transmission. This allows for 
high-speed transmissions under DMA control with no 
need for CPU intervention at the end of a message. 
Whenthere are no data or CRC to send in SYNC modes, 
the transmitter inserts 6-, 8-, or 16-bit SYNC characters, 
regardless of the programmed character length. 


The ESCC supports SYNC bit-oriented protocols, such 
as SDLC and HDLC, by performing automatic flag send- 
ing, zero-bit insertion, and CRC generation. A special 
command can be used to abort a frame in transmission. 
At the end of a message, the ESCC automatically trans- 
mits the CRC and trailing flag when the transmitter un- 
derruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag characters 
or a steady marking condition. 


If a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort may be issued. The ESCC may 
also be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to 8 bits per 
character can be sent allowing reception of a message 
with no prior information about the character structure in 
the information field of a frame. 


The receiver automatically acquires synchronization on 
the leading flag of a frame in SDLC or HDLC and pro- 
vides a synchronization signal on the SYNC pin (an inter- 
rupt can also be programmed). The receiver can be pro- 
grammed to search for frames addressed by a single 
byte (or 4 bits within a byte) of auser-selected address or 
to a global broadcast address. In this mode, frames not 
matching either the user-selected or broadcast address 
are ignored. The number of address bytes can be ex- 
tended under software control. For receiving data, an in- 
terrupt on the first received character, or an interrupt 
on every character, or on special condition only (end-of- 
frame) can be selected. The receiver automatically de- 
letes all Os inserted by the transmitter during character 
assembly. CRC is also calculated and is automatically 





checked to validate frame transmission. At the end of. 


transmission, the status of a received frame is available 
in the status registers. In SDLC mode, the ESCC must 
be programmed to use the SDLC CRC polynomial, 
- but the generator and checker may be preset to all 1s 
or all Os. The CRC is inverted before transmission 
and the receiver checks agains! the bit. pattern 
0001110100001111. 


NRZ, NRZI or FM coding may be used in any 1X mode. 
The parity options available in asynchronous modes are 
available in synchronous modes. 


The ESCC canbe conveniently used under DMA control 
to provide high-speed reception or transmission. In re- 


ception, for example, the ‘ESCC can interrupt the CPU 
when the first character of a message is received. The 
CPU then enables the DMA to transfer the message to 
memory. The ESCC then issues an end-of-frame inter- 
rupt and the CPU can check the status of the received 
message. Thus, the CPU is freed for other service while 
the message is being received. The CPU may also en- 
able the DMA first and have the ESCC interrupt only on 
end-of-frame. This procedure allows all data to be trans- 
ferred via the DMA. 


SDLC Loop Mode 


The ESCC supports SDLC Loop, mode i in addition to nor- 
mal SDLC. InanSDLC Loop, there is a primary controller 
station that manages the message traffic flow and any 
number of secondary stations. In SDLC Loop mode, the 
ESCC performs the functions of a secondary station 
while an ESCC operating in regular SDLC mode can act 
as a controller (Figure 5). 


Secondary #1 Secondary #2 


Secondary #3 


Secondary #4 





Figure 5. An SDLC Loop 


Asecondary station in an SDLC Loop is always listening 


to the messages being sent around the loop and, in fact, 
must pass these messages to the rest of the loop by 
retransmitting them with a 1-bit time delay. The sec- 
ondary station can place its own message on the loop 
only at specific times. The controller signals that secon- 
dary stations may transmit messages by sending a spe- 
cial character, called an EOP (End of Poll), around the 
loop. The EOP character is the bit pattern 11111110. Be- 
cause Of zero insertion during messages, this bit pattern 
is unique and easily recognized. 


When a secondary station has a message to transmit 
and recognizes an EOP on the line, it changes the last bi- 
nary 1 of the EOP to a 0 before transmission. This has 
the effect of turning the EOP into a flag sequence. The 
secondary station now places its message on the loop 
and terminates the message with an EOP. Any secon- 
dary stations farther down the loop with messages to 
transmit can then append their messages to the mes- 
sage of the first secondary station by the same process. 
Any secondary stations without messages to send 
merely echo the incoming messages and are prohibited 
from placing messages on the loop (except upon recog- 
nizing an EOP). 





2-46 


Ams5C30 


SDLC Loop mode is a programmable option in the 
ESCC. NRZ, NRZI, and FM coding may all be used in 
SDLC Loop mode. 


Baud Rate Generator 


Each channel in the ESCC contains a programmable 
baud rate generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time constant, a 
16-bit down counter, and a flip-flop on the output produc- 
ing a square wave. On start-up, the flip-flop on the output 
is set in a High state, the value in the time constant regis- 
ter is loaded into the counter, and the counter starts 
counting down. The output of the baud rate generator 
toggles upon reaching zero; the value in the time con- 
stant register is loaded into the counter, and the process 
is repeated. The time constant may be changed at any 
time, but the new value does not take effect until the next 
load of the counter. 


The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 


lf the receive clock or transmit clock is not programmed 
to come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 








The following formula relates the time constant to the 
baud rate where PCLK or RTXC is the baud rate genera- 
tor input frequency in Hz. The clock mode is X1, X16, 
X32, or X64 as selected in Write Register 4, bits Ds and 
Dz. Synchronous operation modes should select X1 and 
asynchronous should select X16, X32, or X64. 


PCLK or RTxC Frequency | 


Time Constant = 
2 (Baud Rate)(Clock Mode) 


The following formula relates the time constant to the 
baud rate. (The baud rate is in bits/second and the BR 
clock period is in seconds given by Clock Mode/Clock 
Frequency.) 


baud rate = ee ee ee ee 
2 (Time Constant + 2) x (BR Clock Period) 
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Time Constant Values 
for Standard Baud Rates at BR Clock 
_ = 3.9936 MHz 


Rate Time Constant 
(Baud) (decimal/Hex notation) Error 
19200 102 (0066) 0 
9600 206 (00CE) 0 
7200 275 (0113) 0.12% 
4800 414 (019E) 0 
3600 553 (0229) 0.06% 
2400 830  (033E) 0 
2000 996 (03E4) 0.04% 
1800 1107 (0453) 0.03% 
1200 1662 (067E) 0 
600 3326  (OCFE) 0 
300 6654 (19FE) 0 
150 13310  (33FE) 0 
134.5 14844  (39FC) 0.0007% 
110 18151  (46E7) 0.0015% 
75 26622 (67FE) 0 
50 39934  (98FE) 0 


Digital Phase-Locked Loop 


The ESCC contains a digital phase-locked loop (DPLL) 
to recover clock information from a data stream with 
NRZI or FM encoding. The DPLL is driven by a clock that 
is nominally 32 (NRZI) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with the data stream, to 
construct a clock for the data. This clock may then be 
used as the SCC receive clock, the transmit clock, 
or both. . 


For NRZI encoding, the DPLL counts the 32X clock to 
create nominal bit times. As the 32X clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1/0 or 0/1). As long as no transitions are detected, 
the DPLL output will be free running and its input clock 
source will be divided by 32, producing an output clock 
without any phase jitter. Upon detecting a transition the 
DPLL will adjust its clock output (during the next counting 
cycle) by adding or subtracting acount of 1, thus produc- 
ing aterminal count closer to the center of the bit cell. The 
adding or subtracting of a count of 1 will produce a phase 
jitter of +5.63° on the output of the DPLL. Because the 
SCC’s DPLL uses both edges of the incoming signal to 
compare with its clock source, the mark-space ratio 
(50%) of the incoming signal should not deviate by more 
than +1.5% if proper locking is to occur. 


For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the 
DPLL is locked, the clock edges in the data stream 
should occur between counts 15 and 16 and between 
counts 31 and 0. The DPLL looks for edges only during a 
time centered on the 15/16 counting transition. 
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The 32X clock forthe DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the SCC via the TRxC pin (if this pin is not 
being used as an input). 


Crystal Oscillator 
When using a crystal oscillator to supply the receive or 
transmit clocks to a channel of the SCC, the user should: 
4. Select a crystal oscillator that satisfies the following 
specifications: 
m@ 30 ppm @ 25°C 
m 50 ppm over temperatures of -20° to 70°C 
m 5ppnvyr aging 
m 5-MW drive level 
2. Place crystal across RTxC and SYNC pins. 


3. Place 30-pF capacitors to ground from both RTxC and 
SYNC pins. 


4. Set bit D7 of WR11 to 1. 
Data Encoding 


The ESCC may be programmed to encode and decode 
the serial data in four different ways (Figure 6). In NRZ 
encoding, a 1 is renresented hv a High level, and a 0 is 
represented by a Low level. In NRZI encoding, a1 is rep- 
resented by no change in level, and a 0 is represented by 
achange in level. In FM: (more properly, biphase mark), 
atransition occurs at the beginning of every bit cell. A 1 is 
represented by an additional transition at the center of 





the bit cell, and a 0 is represented by no additional transi- | 


tion at the center of the bit cell. In FMo (biphase space), a 
transition occurs at the beginning of every bit cell. A 0 is 
represented by an additional transition at the center of 
the bit cell, and a 1 is represented by no additional transi- 
tion at the center of the bit cell. In addition to these four 
methods, the ESCC can be used to decode Manchester 


(biphase level) data by using the DPLL in the FM mode 
and programming the receiver for NRZ data. Manchester 
encoding always produces a transition at the center of 
the bit cell. If the transition is 0/1, the bit is a 0. If the tran- 
sition is 1/0, the bit is a 1. : 


Auto Echo and Local Loopback 


The ESCC is capable of automatically echoing every- 
thing it receives. This feature is useful mainly in asyn- 
chronous modes but works in SYNC and SDLC modes 
as well. In Auto Echo mode, TxD is RxD. Auto Echo 
mode can be used with NRZI or FM encoding with no ad- 
ditional delay, because the data stream is not_decoded 
before retransmission. In Auto Echo mode, the CTSinput 
is ignored as a transmitter enable (although transitions 
on this input can still cause interrupts if programmed to 
do so). Inthis mode, the transmitter is actually bypassed, 
and the programmer is responsible for disabling trans- 





_ mitter interrupts and WAIT/REQUEST on transmit. 


The ESCC is also capable of Local Loopback. In this 
mode, TxD is RxD just as in Auto Echo mode. However, 
inLocal Loopback mode, the internal transmit data is tied 
to the internal receive data, and_RxD is ignored (except 
to be echoed out via TxD). The CTS and DCD inputs are 
also ignored as transmit and receive enables. However, 
transitions on these inputs can still cause interrunts. Lo- 
cal Loopback works in asynchronous, SYNC, and SDLC 
modes with NRZ, NRZI, or FM coding of the data stream. 


I/O Interface Capabilities 


The ESCC offers the choice of Polling, Interrupt (vec- 
tored or nonvectored), and Block Transfer modes to 
transfer data, status, and control information to and from 
the CPU. The Block Transfer mode can be implemented 
under CPU or DMA control. 





_ Data 
NRZ 


NRZI 


FM: 
‘(Biphase Mark) 
(Biphase Mark) 


FMo 
Manchester: - 





Bit Cell Level 


High = 1 
Low = 0 


No Change = 1 
Change = 0 


Bit Center Transition 
Transition = 1 
No Transition = 0 


No Transition = 1 
Transition = 0 


High Low =1 
Low High =0 


Figure 6. Data Encoding Methods 
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Polling 


All interrupts are disabled. Three status registers in the 
ESCC are automatically updated whenever any function 
is performed. For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The idea be- 
hind polling is for the CPU to periodically read a status 
register until the register contents indicate the need for 
data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes 
data, reads data, or continues. Two bits in the register in- 
dicate the need for data transfer. An alternative is a poll 
of the Interrupt Pending register to determine the source 
of an interrupt. The status for both channels resides in 
one register. 


Interrupts 

When an ESCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt vector may 
be placed on the data bus. This vector is written in WR2 
and may be read in RR2A or RR2B (Figures 8 and 9). 


To speed interrupt response time, the ESCC can modify 


3. bits in this vector to indicate status. If the vector is read 


in Channel A, status is never included; if it is read in 
Channel B, status is always included. 


Each of the six sources of interrupts in the ESCC (Trans- 
mit, Receive, and External/Status interrupts in both 
channels) has 3 bits associated with the interrupt source: 
Interrupt Pending (IP), Interrupt Under Service (IUS), 
and Interrupt Enable (IE). Operation of the IE bit is 
straightforward. If the IE bit is set for a given interrupt 
source, then that source can request interrupts. The ex- 
ception is when the MIE (Master Interrupt Enable) bit in 
WR39 is reset and no interrupts may be requested. The IE 
bits are write-only. 


The other 2 bits are related to the Z-Bus interrupt priority 

chain (Figure 7). As a Z-Bus peripheral, the ESCC may 

request an interrupt only when no higher priority device is 

requesting one, for example, when IEl is High. If the de- 

vice in question requests an interrupt, it pulls down INT, 

The CPU then responds with INTACK, and the interrupt- 
‘ing device places the vector on the AID bus. 


In the SCC, the IP bit signals a need for interrupt servic- 


ing. When an IP bit is set to 1 and the IEl input is High, the 
INT output is pulled Low, requesting an interrupt. In the 
ESCC, if the IE bit is set for an interrupt, then the IP for 








Peripheral 
+5 V1 IEl AD-ADo INT INTACK IEO 





D7-Do 
AD7-ADo 





IEl AD7-ADo INT INTACK K IEO 
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that source can never be set. The IP bits are readable in 
RR3A. 


The IUS bits signal that an interrupt request is being 
serviced. If an|US is set, all interrupt sources of lower pri- 
ority in the ESCC and external to the ESCC are pre- 
vented from requesting interrupts. The internal interrupt 
sources are inhibited by the state of the internal daisy 
chain, while lower priority devices are inhibited by the 
IEO output of the ESCC being pulled Low and propa- 
gated to subsequent peripherals. An US bit is set during 
an Interrupt Acknowledge cycle if there are no higher pri- 
ority devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive, 
and External/Status. Each interrupt type is enabled un- 
der program contro! with Channel A having higher prior- 
ity than Channel B, and with Receive, Transmit, and Ex- 
ternal/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is enabled, 
the CPU is interrupted when the transmit buffer becomes 
empty. (This implies that the transmitter must have had 
a data character written into it so that it can become 
empty.) When enabled, the Receive can interrupt the 
CPU in one of three ways: 


Interrupt on First Receive Character or Special 
Receive condition 


@ Interrupt on all Receive Characters or Special 
~ Receive condition 


a. Interrupt on Special Receive condition only 


Interrupt on First Character or Special Condition and In- 
terrupt on Special Condition Only are typically used with 
the Block Transfer mode. A Special Receive Condition is 
one of the following: receiver overrun, framing error in 
asynchronous mode, end-of-frame in SDLC mode, and 
optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary Receive Character 
Available interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt can occur from 
Special Receive Conditions any time after the first Re- 
ceive Character Interrupt. 


The main function of the External/Status interrupt is to 
monitor the signal transitions of the CTS, DCD, and 
SYNC pins; however, an External/Status interrupt is also 









Peripheral Peripheral 








IEl| AD7--ADo INT INTACK 


Figure 7. Z-Bus Interrupt Schedule 
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‘ The Block Transfer mode uses the WAIT/REQUEST out- 


caused by a Transmit Underrun condition, azero count in 
the baud rate generator, the detection of a Break (asyn- 
chronous mode), Abort (SDLC mode), or EOP (SDLC 


Loop mode) sequence in the data stream. The interrupt ° 


causéd by the Abort or EOP has a special feature allow- 
ing the ESCC to interrupt when the Abort or EOP se- 
quence is detected or terminated. This feature facilitates 
the proper termination of the current message, correct 
initialization of the next message, and the accurate tim- 
ing of the Abort condition in external logic in SDLC mode. 


In SDLC Loop mode, this feature allows secondary sta-. 


tions to recognize the wishes of the primary station to re- 
gain control of the loop during a poll sequence. 


CPU/DMA Block Transfer 
The SCC provides a Block Transfer mode to accommo- 


put in conjunction with the Wait/Request bits in WR1. 
The WAIT/REQUEST output can be defined under soft- 
ware contro! as a WAIT line in the CPU Block Transfer 
mode or as a REQUEST line in the DMA Block Transfer 
mode. 


To a DMA controller, the ESCC REQUEST output indi- 
cates that the ESCC is ready to transfer data to or from 
memory. To the CPU, the WAIT line indicates that the 
SCC is not ready to transfer data, thereby requesting that 
the CPU extend the I/O cycle. The DTR/REQUEST can 
be used as the transmit request line, thus allowing full- 
duplex operation under DMA control. 





date CPU block transfer functions and DMA controllers. 


PROGRAMMING INFORMATION 


Each channel has fifteen Write registers that are indi- 
vidually programmed from the system bus to configure 
the functional personality of each channel. Each channel 
also has eight Read registers from which the system can 
read Status, Baud rate, or Interrupt information. 


On the Am85C30, only four data registers (Read and 
Write for Channels A and RB) are directly selected by a 
High on the DIC 7 input and the appropriate levels on the 
_ RD, WR, and A/B pins. All other registers are addressed 
indirectly by the content_of Write Register 0 in conjunc- 
tion with a Low on the D/C , input and the appropriate lev- 
els onthe RD, WR, and A/B pins. If bit D3in WRO is 1 and 
bits 5 and6 are 0, then bits 0, 1, and 2 address the higher 
registers 8 through 15. If bits 4, 5, and 6 contain a differ- 
ent code, bits 0, 1, and 2 address the lower registers 0 
through 7 as shown in Table 2. 


Writing to or reading from any register except RRO, WRO, 
and the data registers thus involves two operations: 


First, write the appropriate code into WRO, then follow 
this by a Write or Read operation on the register thus 
specified. Bits 0 through 4 in WRO are automatically 


cleared after this operation, so that WRO then points to 
WP O or RRO again, 


Channel A/Channel B selection is made by the A/B input 
(High = A, Low = B). 


The system program first issues a series of commands to 
initialize the basic mode of operation. This is followed by 
other commands to qualify conditions within the selected 
mode. For example, the asynchronous mode, character 
length, clock rate, number of stop bits, even or odd parity 
might be set first. Then the interrupt mode would be set 
and, finally, receiver or transmitter enable. 


Table 2. Register Addressing 


_ “Point High” D2, Di, Do Write Read 
D/C Code In WRO: In WRO: Register Register 
High Either Way X X X Data Data 
Low Not True 0 0 0 0 0 
Low Not True 0 0 1 1 1 
Low Not True © 0 1 0 2 2 
Low Not True 0 1 1 3 3 
Low Not True 1 0 0 4 (0) 
Low Not True 1 0 1 5 (1) 
Low Not True 1 1 0 6 (2) 
Low Not True 1 1 1 7 (3). 
Low True 0 0 0 Data Data 
Low True 0 0 1 9 - 
Low True 0 1 0 10 10 
Low True ‘0 1 1 11 (15) 
Low True 1 0 0 12 12 
Low True 1 0 1 13. 13 
Low True 1 1 0 14 (10) 
Low True 1 1 1 15 15 
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Read Registers 


The ESCC contains eight Read registers [actually nine, 
counting the receive buffer (RR8) in each channel]. Four 
of these may be read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers (RR12 and 
RR13) may be read to learn the baud rate generator time 
constant. RR2 contains either the unmodified interrupt 
vector (Channel A) or the vector modified by status infor- 
mation (Channel B). RR3 contains the Interrupt Pending 


Write Registers 


The ESCC contains 15 Write registers (16 counting 
WR8, the transmit buffer) in each channel. These Write 
registers are programmed separately to configure the 
functional “personality” of the channels. Two registers 
(WR2 and WR9) are shared by the two channels that can 
be accessed through either of them. WR2 contains the 
interrupt vector for both channels, while WR9 contains 
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(IP) bits (Channel A). In addition, if bit D2 of WR15 is set, 
RR6 and RR7 are available for providing frame status 
from the 10 x 19 bit Frame Status FIFO. Figure 8 shows 
the formats for each Read register. 


The status bits of RRO and RR? are carefully grouped to 
simplify status monitoring, for example, when the inter- 
rupt vector indicates a Special Receive Condition inter- 
rupt, all the appropriate error bits can be read from a 
single register (RR1). 


the interrupt control bits. !n addition, if bit Do of WR15 is 
set, Write Register 7 prime (WR7’) is available for 
programming additional SDLC/HDLC enhancements. 
When bit Do of WR15 is set, executing a write to WR7 ac- 
tually writes to WR7’ to further enhance the functional 
“personality” of each channel. Figure 8 shows the format 


‘of each Write register. 





Read Register 0 


Rx Character Available 
Zero Count 

Tx Buffer Empty 

DCD 

SYNC Hunt 

CTS 

Tx Underrun/EOM 
Break Abort 





Read Register 1 


All Sent 

Residue Code 2 
Residue Code 1 
Residue Code 0 
Parity Error 

Rx Overrun Error 
CRC Framing Error 
End-of-Frame (SDLC) 





Read Register 2 


| D.[Ds|0.]0.{0-] 0. D6 


*Modified in 8 Channel 


V3 Interrupt Vector* 


Read Register 3 


D,|D.| Ds[D.[D.] D-]: |. 


Channel B EXT STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

0 


“Always 0 in B Channel 


Read Register 6 





BCO 
BC1 
BC2 14-Bit 
BC3 LSB Byte 
BC4 Count 
BC5 
- BC6 
BC7 
Read Register 7 
1D] Ds] Ds|D« [Ds] Da] D, | Do| 
BC8 
BC9 f 
BC10 14-Bit 
BC11 MSB Byte 
BC12 Count 
BC13 
FDA* 10 x 19 bit 
FOY** FIFO Status 


*FIFO Data Available Status 
**FIFO Overflow Status 


10216A-007A 


Figure 8. Read Register Bit Functions 
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Read Register 10 Read Register 13 


0 : TCs 
On Loop TCs 
0 TCio 


TC Upper Byte of 
TCs Time Constant 
TCs 
TCs 
TCis 


0 
- Loop Sending . 
0 


Two Clocks Missing 
One Clock Missing 





Read Register 12 Read Register 15 


SDLC/HDLC Enhancement Status* 





TC 

TC, Zero Count IE 

TCe 10 x 19 bit FIFO Enable/Disable* 
TCs Lower Byte of DCD IE 

7 Time Consent Se IE 

TC, Tx Underrun/EOM IE 

TC; Rreak/Abort 1E 


i 


*Added Enhancement 


Figure 8. Read Register Bit Functions (continued) 


Write Register 0 


D»|D.|s[0.] D5] D210, 






ae ee Register 
0 
1 
2 
3 
4 
5 
Li] i1[ 0] 6 
Ee Be a 







Null Code 
Point High Register Group 
Reset Ext/Status Interrupts 
Send Abort 
Enable Int on Next Rx Character 
Reset Tx Int Pending 
Error Reset 
Reset Highest IUS 
Null Code 
Reset Rx CRC Checker [0] 1| 
Reset Tx CRC Generator | 1] 0| 
Reset Tx Underrun/EOM Latch [ 1] 1] 


Figure 9. Write Register Bit Functions 
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Write Register 1 Write Register 4 


Parity Enable 
Parity Even/Odd 


Sync Modes Enable 

1 Stop Bit/Character 

1 1/2 Stop Bits/Character 
2 Stop Bits/Character 


Ext Int Enable 

Tx Int Enable 

Parity is Special Condition 

Rx Int Disable 

Rx Int on First Character or Special Condition 

Int on All Rx Characters or Special Condition 

Rx Int on Special Condition only 

Wait/DMA Request on Receive/Transmit 
Wait/DMA Request Function 

Wait/DMA Request Enable 











1010! 8-Bit Sync Character 

| Ol 1] 16-Bit Sync Character 
111 0} SDLC Mode (01111110 Flag) 
External Sync Mode 













Write Register 2 


D»|D.|Ds]0.{D.]0.[D; |. 


X1 Clock Mode 

X16 Clock Mode 
X32 Clock Mode 
Vo X64 Clock Mode 


V1 
V2 
V3 Interrupt Vector* 
V4 
V5 
V6 
V7 


Write Register 5 


Tx CRC Enable 
RTS 
SDLC/CRC-16 
Tx Enable 
Send Break 


Write Register 3 


| 01 0] Tx 5 Bits (or less)/Character 
| ol 1] Tx 7 Bits/Character 

| 1{ 0] Tx 6 Bits/Character 
Li} 4) Tx 8 Bits/Character 


Rx Enable 

Sync Character Load Inhibit 
Address Search Mode (SDLC) 
Rx CRC Enable 

Enter Hunt Mode 

Auto Enable 






DTR 





Rx 5 Bits/Character 
Rx 7 Bits/Character 
Rx 6 Bits/Character 
Rx 8 Bits/Character 


Write Register 6 





SYNC; SYNCs SYNCs SYNCs SYNCs SYNCz2 SYNC; SYNC. Monosync 8 Bits 
SYNC, SYNC. SYNC; SYNC, SYNC3; SYNCz2 SYNC; SYNC. Monosync 8 Bits 
SYNC; SYNCs SYNCs SYNC, SYNCs SYNC2 SYNC: SYNCo  Bisync 16 Bits 
SYNC; SYNCz2 SYNC; SYNCo 1 1 1 1 Bisync 12 Bits 
ADR; ADRs ADRs ADRa ADRs ADRe ADR; ADRo SDLC 

ADR; ADRs ADRs ADR, 1 1 1 1 SDLC (Address 0) 


Figure 9. Write Register Bit Functions (continued) 
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Write Register 7 





SYNC; SYNCs SYNC; SYNC. 
SYNC; SYNC, SYNC3 SYNCz 
SYNC; SYNC. SYNCis SYNCi2 
SYNCi, SYNCico SYNCo SYNCa 
0 1 1 1 


Write Register 7’ 


1D»] D.] Ds] D.] Ds] D2], ] 0.) 


Auto Tx Flag 

Auto EOM Latch Reset 

Auto RTS 

TxD Pulled High in SDLC NRZI Mode 
Fast DTR/REQ Mode 

CRC Check Bytes Completely Received 
Extended Read Enable 

Must Be Set to 0 


= 


Write Register 9 


VIS 

NV 

DLC 

MIE 

Status High/Status Low 
Interrupt Masking 





without INTACK* 







|-O{ 1] Channel Reset B 
11 0} Channel Reset A 
Lil} Force Hardware Reset 


*Added Enhancement 





SYNC2 SYNC; SYNC.  Monosync 8 Bits 
SYNCo 1 1 Monosync 8 Bits 
SYNC:, SYNCio SYNC» SYNCs Bisync 16 Bits 
SYNC. SYNC; SYNC, — Bisync 12 Bits 

0 


1 1 SDLC 


Write Register 11 


XTAL Output 
Transmit Clock 

BR Generator Output 
DPLL Output 


‘Aas 
QIOILOIO 
228 

how ow a 


TRxC O/| 


RIxC Pin 

TRxC Pin 

BR Generator Output 
DPLL Output 


| 
o| 
a 
5 
7) 
2. 
Q 
Q 
z 
Haw wt 


Receive Clock RIxC Pin 

Receive Clock TRxC Pin 

Receive Clock BR Generator Output 
Receive Clock DPLL Output 


FRiIxC XTAL/No XTAL 


Figure 9. Write Register Bit Functions (continued) 10216A-008A 
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Write Register 10 


6-Bit/8 BitSync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 








NRZ 
NRZ1I 

FM1 (Transition = 1) 
FMO (Transition = 0) 


CRC Preset ‘1’ or ‘0’ 





Write Register 12 


Lower Byte of 
Time Constant 


Write Register 13 


Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 






Null Command 
Enter Search Mode 

Reset Missing Clock 
Disable DPLL 

Set Source = BR Generator 
Set Source = RTxC 

Set FM Mode 

Set NRZI Mode 








TCs 
TCs 
TC 
Tc. Upper Byte of 
TCi2 Time Constant 
TCis3 

TCr4 

TCis 


Write Register 15 


SDLC/HDLC Enhancements Enable* 
Zero Count IE 
10 x 19 Bit FIFO Enable* 
DCD IE 
Synce/Hunt IE 
CTS IE 
Tx Underrun/EOM IE 
Break/Abort IE 


* Added Enhancement 


Figure 9. Write Register Bit Functions (continued) 


Am85C30 Timing 


The ESCC generates internal control signals from WR 
and RD that are related to PCLK. Since PCLK has no 
phase relationship with WR and RD, the circuitry gener- 
ating these internal control signals must provide time for 
metastable conditions to disappear. This gives rise to a 
~ recovery time related to PCLK. The recovery time ap- 
plies only between bus transactions involving the ESCC. 
The recovery time required for proper operation is speci- 
fied from the falling edge of WRor RD in the first transac- 
tion involving the ESCC, to the falling edge of WR or RD 
in the second transaction involving the ESCC. This time 
must be at least 3 1/2 PCLK regardless of which register 
or channel is being accessed. 
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Read Cycle Timing 


Figure 10 illustrates Read cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CE falls after RD falls or if it 
rises before RD rises, the effective RD is shortened. 


Write Cycle Timing 

Figure 11 illustrates Write cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CE falls after WR falls or if it 
rises before WR rises, the effective WR is shortened. 
Data must be valid before the rising edge of WR. 
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Interrupt Acknowledge Cycle Timing 

NO TAG illustrates Interrupt Acknowledge cycle timing. 
Between the time INTACK goes Low and the falling edge 
of RD, the internal and external IEI/IEO daisy chains set- 


High when RD falls, the Acknowledge cycle is intended 
for the SCC. In this case, the ESCC may be programmed 
to respond to RD Low by placing its interrupt vector 
on D7—Do ; it then sets the appropriate Interrupt-Under- 


tle. If there is an interrupt pending inthe ESCC and!Elis  Ser-vice latch internally. 


AB, D/C Address Valid 





D7~Do ( ———sX __COData Valid 


Figure 10. Read Cycle Timing 


Po are \/ ance wa te \So 
AID, VW/U IN AQGOress Valld A 





D7—Do ata valid» ——— Valid 


Figure 11. Write Cycle Timing 


Figure 12. Interrupt Acknowledge Cycle Timing 
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FIFO 
FIFO Enhancements 


When used with a DMA controller, the Am85C30 Frame 
Status FIFO enhancement maximizes the ESCC’s ability 
to receive high-speed back-to-back SDLC messages 
while minimizing frame overruns due to CPU latencies in 
responding to interrupts. 


Additional logic was added to the industry-standard 
NMOS SCC consisting of a 10-deep by 19-bit status 
FIFO, a 14-bit receive byte counter, and control logic as 
shown in Figure 13. The 10 x 19 bit status FIFO is sepa- 
rate from the existing 3-byte receive data and error 
FIFOs. ; , 


When the enhancement is enabled, the status in Read 
Register 1 (RR1) and byte count for the SDLC frame will 
be stored in the 10 x 19 bit status FIFO. This allows 
the DMA controller to transfer the next frame into 
memory while the CPU verifies that the message was 
properly received. 


. SCC Status Reg 
“RRY1 (Existing) 






14-Bit Byte Counter 


pet La 


Summarizing the operation, data is received, assem- 
bled, and loaded into the 3-byte receive FIFO before be- 
ing transferred to memory by the DMA controller. Whena 
flag is received at the end of an SDLC frame, the frame 

. byte count from the 14-bit counter and 5 status bits are 
loaded into the status FIFO for verification by the CPU. 
The CRC checker is automatically reset in preparation 
for the next frame, which can begin immediately. Since 
the byte count and status are saved for each frame, the 
message integrity can be verified at a later time. Status 
information for up to 10 frames can be stored before a 
status FIFO overrun could occur. 


If receive interrupts are enabled while the 10 x 19 FIFOis 
enabled, an SDLC end-of-frame special condition will 
not lock the 3-byte receive data FIFO. An SDLC 
end-of-frame still locks the 3-byte receive data FIFO in 
“Interrupt on first Receive Character or Special Condi- 
tion” and “Interrupt on Special Condition Only” modes . 
when the 10 x 19 FIFO is disabled. This feature allows 


Reset on Flag Detect 
Increment on Byte DET 
Enable Count in SDLC 









6 Bits 14 Bits} End-of-Frame Signal 
cee ee en ee ee 
Residue Bits(3)} 
Overrun a eee ae 
SRG Error 10x 19 Bit FIFO A 
iihidies ie! Tail Pointer 
Rice le ee eee 
aa (a ee ee! Sous 
pf Head Pointer 
et) cay Saree OIe IPRS Be leer ic 
E>, eae ee 4-Bit 
ps ee  Povremal 
Over Equal 


[ee | 
6 Bits Bit7| [Bit 6| Bits 0-5 FIFO Enable 
A, Eee, 25 eames, a eer J aL ANotnee, 2Ls\s Dene ee ne eas TEN doe 
interface to SCC yee Bit 2 Set 
Byte Counter Contains 14 Bits | Enables Status FIFO 
for a 16-kb Maximum Count 
FIFO Data Available Status Bit 
Status Bit Set to 1 
When Reading From FIFO 
‘FIFO Overflow Status Bit 
MSB of RR(7) is Set on Status FIFO 
; Overflow 
In SDLC mode, the following definitions apply: 
e All Sent bypasses MUX and equals contents of SCC Status Register. 
e Parity bits bypass MUX and do the same. 
e EOF is set to 1 whenever reading from the FIFO. 
Figure 13. SCC Status Register Modifications 10216A-011A 
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the 10x 19 SDLC FIFO to accept multiple SDLC frames 
without CPU intervention at the end of each frame. 


FIFO Detail 


For a better understanding of details of the FIFO opera- 
tion, refer to the block diagram contained | in NO TAG. 


Enable/Disable. 


This FIFO is implemented § so that it is enabled when 
WR15 bit 2 is set and the ESCC is in the SDLC/HDLC 
mode, otherwise the status register contents bypass the 
FIFO and go directly to the bus interface (the FIFO 
pointer logic is reset either when disabled or via a chan- 
nel or power-on reset). When the FIFO mode is disabled, 
the ESCC is completely downward-compatible with the 
NMOS Am8530. The FIFO mode is disabled on power- 
up (WR15 bit 2 is set to 0 on reset). The effects of back- 
ward compatibility on the register set are that RR4 is an 
image of RRO, RR5 is animage of RR1, RR6is animage 
of RR2, and RR7 is an image of RR3. For the details of 
the added registers, refer to Figure 15. The status of the 
FIFO Enable signal can be obtained by reading RR15 
bit 2. If the FIFO is enabled, the bit will be set to 1; other- 
wise, it will be reset. 


Read Operation 

When WR15 hit 2 is'set and the FIFO is not emnty, the 
next read to status register RR1 or the additional regis- 
ters RR7 and RR6 will actually be from the FIFO. Read- 
ing status register RR1 causes one location of the FIFO 
to be emptied, so status should be read after reading the 
byte count, otherwise the count will be incorrect. Before 
the FIFO underflows, it is disabled. In this case, the multi- 
plexeris switched to allow status to be read directly from 
the status register, and reads from RR7 and RR6 will : 
contain bits that are undefined. Bit 6 of RR7 (FIFO Data 
Available) can be used to determine if status data is com- 
ing from the FIFO or directly from the status register, 
since it is set to 1 whenever the FIFO is not empty. 


Because not all status bits are stored in the FIFO, the All 


Sent, Parity, and EOF bits will bypass the FIFO. The ~ 


status bits sent through the FIFO will be Residue Bits (3), 
Overrun, andCRC Error. 


Byte Count 


a 5 ae 


23 45 6 7 
Data Stream 





Internal Byte Strobe 
Increments Counter 





Don't Load Reset 
Counter On Byte Counter 
1st Flag Load Counter . 
Reset Byte Into FIFO and 
Key Counter Here Increment PTR 
‘F : Flag 
A : Address Field 
D : Data 


C : Control Field 


The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order, 
RR7, RR6, and RR1 (reading RR6 is optional). Addi- 
tional logic prevents the FIFO from being emptied by 
multiple reads from RR1. The read from RR7 latches the 
FIFO empty/full status bit (bit 6) and steers the status 
multiplexer to read from the SCC megacell instead of the 
status FIFO (since the status FIFO is empty). The read 
from RR1 allows an entry to be read from the FIFO (if the 
FIFO was empty, logic is added to prevent a FI FO under- 
flow condition). 


Write Operation 

When the end of an SDLC frame (EOF) has been re- 
ceived and the FIFO is enabled, the contents of the 
status and byte-count registers are loaded into the FIFO. 
The EOF signal is used to increment the FIFO. If the 
FIFO overflows, the MSB of RR7 (FIFO Overflow) is set 
to indicate the overflow. This bit and the FIFO control 
logic are reset by disabling and reenabling the FIFO con- 
trol bit (WR15 bit 2). For details of FIFO control timing 
during an SDLC frame, refer to Figure 14. 


Byte Counter Detail 


The 14-bit byte counter allows for packets up to 16K 


bytes to be received. Fora better understanding of its op- 
eration, refer to Fiquras 12 and 14, 


Enable 
The byte counter is enabled when the SCC is in the 


SDLC/HDLC mode and WR15 bit 2 is set to 1. 


Reset 

The byte counter is reset whenever an SDLC flag char- 
acter is received. The reset is timed so that the contents 
of the byte counter are successfully written into the FIFO. 


‘Increment 


The byte counter is incremented by writes to. the data 
FIFO. The counter represents the number of bytes re- 
ceived by the SCC, rather than the number of bytes 
transferred from the SCC. (These counts may differ by 


2345 67 






Internal Byte Strobe 
.Increments Counter 


Reset 
Byte Counter 


Reset 

Byte Counter 
Load Counter 
Into FIFO and 
Increment PTR 


Figure 14. SDLC Byte Counting Detail 
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FIFO Data Available Status 





he Overflow Status 


; Normal . 


7 6 5 4 3 2 1 0 
ARG BC.| BC |BC j BC | BC |} BC |} BC } BC 
7 6 5 4 3 2 1 0 





7 6 6° 4 38. 2 1 0 
Bc | Bc | Bc | BC |BC |BC 
FOY|FDA/ 13 | 12 |11 | 1019 I8 
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1 = Status Reads Will Come From FIFO 
= Status Reads Will Come From.SCC 


FIFO Overflowed During Operation 


Read From FIFO 
LSB Byte Count 


ENH: SDLC/HDLC Enhancement Status 
= Enhancements Enabled 
0 = Enhancements Disabled 


Status FIFO Enable Control Bit 


1 = Status and Byte Count Will be 


Held in the Status FIFO Until Read 


0 = Status Will Not be Held (SCC Emulation Mode) 


e = No Change From NMOS SCC DFN 


10216A-013A 


Figure 15. SCC Additional Registers 


up to the number of bytes in the receive data FIFO con- 
tained in the SCC.) 


Am85C30 SDLC/HDLC Enhancement 

Register Access 

SDLC/HDLC enhancements on the Am85C30 are en- 
abled or disabled via bits D2 or Do in WR15. Bit Dz deter- 
mines whether or not the 10 x 19 bit SDLC/HDLC 


frame status FIFO is enabled while bit Do determines 


whether or not other enhancements are enabled via — 


WR7’. Table 3 shows what functions on the Am85C30 
are enabled when these bits are set. 


When bit Dz of WR15 is set to 1, two additional registers 
(RR6 and RR7) per channel specific to the 10 x 19 bit 
Frame Status FIFO are made available. The Am85C30 


Table 3. Enhancement Options 


WR15 Bit D2 WR15 Bit Do 
10° x 19 Bit SDLC/HDLC 
FIFO Enabled Enhancement Enabled 
1 0 
0 1 
0 1 
1 1 


WR7’ Bit D; 
Extended Functions 
Read Enabled Enabled 
X 10 x 19 bit FIFO 
enhancement enabled only 
0 SDLC/HDLC enhancements 
enabled only 
SDLC/HDLC enhancements 
1 enabled with extended read 
, enabled 
10 x 19 bit FIFO and 
0 SDLC/HDLC enhancements 
enabled 
10 x 19 bit FIFO and 
1 SDLC/HDLC enhancements 


with extended read enabled 
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register map when this function is enabled is shown in 
Table 4. 


Bit Do of WR15 determines whether or not other en- 
hancements pertinent only to SDLC/HDLC mode opera- 
tion are available for programming via WR7’ as shown 
below. Write Register 7 prime (WR7’) can be written to 
when bit Do of WR15 is set to 1. When this bit is set, writ- 
ing to WR7 (flag register) actually writes to WR7’. If bit De 
of this register is setto 1, previously unreadable registers 
WR3, WR4, WR5, and WR10 are readable by the pro- 
cessor. In addition, WR7’ is also readable by having this 
bit set. WR3 is read when a bogus RR¢9 register is ac- 
cessed during a read cycle. WR10 is read by accessing 
RR11, and WR7’ is accessed by executing a read to 


RR14. The Am85C30 register map with bit Do of WR15 
and bit De of WR7’ set is shown in Table 5. 


If both bits Doand De of WR15 are set to 1 and Deof WR7’ 
is set to 1, then the Am85C30 register map is as shown in 
Table 6. 


Auto RTS Reset 

Onthe CMOS ESCC, if bit Doof WR15 and bit Dz of WR7’ 
are set to 1 and the channel is in SDLC mode, the RTS 
pin may be reset early in the Tx Underrun routine and the 
RTS pin will remain active until the last 0 bit of the closing 
flag leaves the TxD pin as shown in Figure 16. Note that 


Table 4. 10x19 Bit FIFO Enabled 


PNT; 


AB PNT, PNT. Write Read 
0 0 0 0 . WROB RROB 
0 0 0 4 WR1B- RRIB 
0 0 1 0 WR2 RR2B 
0 0 1 1 WR3B RR3B 
0 4 0 0 WR4B (RROB) 
0 1 0 1 WRSB (RR1B) 
0 1 1 :0 WR6B RR6B 
0 1 1 1 WR7B RR7B 
1 0 0 0 WROA RROA 
1 0 0 1 WR1A RR1A 
1 0 1 (e) WR2 RR2A 
1 0 1 1 WR3A RR3A 
1 { 0 0 WR4A (RROA) 
1 1 0 1 WRS5A (RR1A) 
1 1 1 0 WR6A RR6A 
1 1 1 1 WR7A RR7A 
With the Point High command: 
0 0 0 0 WR8B RR8B 
0 0 0 1 WR9 RR13B 
0 0 1 0 WR10B RR10B 
0 0 1 1 WR11B (RR15B) 
0 1 0 0 WR12B RR12B 
0 I. 0 1 WR13B RR13B 
0 4 ‘7 0 WR14B (RR10B) 
0 1 1 1 WR15B RR15B 
1 0 0 0 WR8A RR8A 
1 0 0 1 WR9 (RR13A) 
1 0 1 0 WR10A RR10A 
1 0 1 1 WR11A (RR15A) 
1 1 0 0 WR12A RR12A 
1 1 0 1 WR13A RR1i3A 
1 1 1 0 WR14A (RR10A) 
1 1 1 1 WRI15A RR1i5A 
D7 De Ds Da Ds De Di Do 

















DTR/REQ 
Fast Mode 


Ext. Read 
Enable 


Must Be Set 
to 0 


Rx comp. 
CRC 

















SDLC/HDLC | SDLC/HDLC | SDLC/HDLC 
Force TxD Auto RTS Auto EOM Auto 
High Turnoff Reset Tx Flag 








WR7’—SDLC/HDLC Programmable Enhancements* 


“Note: Options 3, 4, 5, and 6 may be used regardless of whether SDLC/HDLC mode is selected. 
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Table 5. SDLC/HDLC Enhancements Enabled 


A/IB PNT: PNT; PNTo Write Read 
0 0 0 0 WROB RROB - 
0 0 0 1 WR1B RR1B 
0 0 1 0 WR2 RR2B 
0 0 1 1 WR3B RR3B 
0 1 0 0 WR4B RR4B (WR4B) 
0 1 0 1 WRS5B RR5B (WRS5B) 
0 1 1 0 WR6B (RR2B) 
0 1 1 1 WR7B (RR3B) 
1 0 0 0 WROA RROA 
1 0 0 1 WRI1A RR1A 
1 0 1 0 WR2 RR2A 
1 0 1 1 WR3A RR3A 
1 1 0 0 WR4A RR4A (WR4A) 
1 1 0 1 WR5A RRS5A (WRS5A) 
1 1 1 0 WR6A (RR2A) 
1 1 1 1 WR7A (RRA) 

With the Point High command: 
0 0 0 0 WR8B RR8B 
0 0 0 1 WR9 RRQ (WR3B) 
0 0 1 0 WR10B RR10B 
0. 0 1 1 WR11B RR11B (WR10B) 
0 1 0 0 WR12B RR12B 
0 1 0 1 WR13B RR13B 
0- 1 1 0 WR14B RR14B (WR7’B) 
0 1 1 1 WR15B RR15B : 
1 0 0 0 WR8A RR8A 
1 0° 0 1 WR9 RR9A (WR3A) 
1 0 1 0 WRI10A RR10A 
1 0 1 1 WR11A RR11A (WRI10A) 
1 1 0 0 WR12A RR12A 
1 1 0 1 WR13A RR13A 
1 1 1 0 WR14A RR14A (WR7A) 
1 1 1 1 WRI15A RR15A 
in order for this to function properly, bits Ds and Dz of |. CMOS Am85C30 


WR10 must be set to 1 and 0, respectively. 


CRC Character Reception 
NMOS Am8530H 


On the NMOS Am8530H, when the end-of-frame flag is 
detected, the contents of the Receive Shift Register are 
transferred to the Receive Data FIFO regardless of the 
number of bits accumulated. Because of the 3-bit delay 
between the Receive SYNC Register and Receive Shift 
Register, the last 2 bits of the CRC check character re- 
ceived are never transferred to the Receive Data FIFO. 
Thus, the received CRC characters are unavailable for 
use. 


On the Am85C30, the option of being able to receive the 
complete CRC characters generated by the transmitter 
is provided when both bit Do of WR15 and bit Ds of WR7’ 
are set to 1. When these 2 bits are set and an end-of- 
frame flag is detected, the last 2 bits of the CRC will 
be clocked into the Receive Shift Register before its 
contents are transferred to the Receive Data FIFO. The 
data-CRC boundary and CRC character bit formats for 
each Residue Code provided are shown in Figures 17A 
through 17D for each character length selected. 


Am&5C30 ne. 
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Table 6. SDLC/HDLC Enhancements and 10x19 Bit FIFO Enabled 


AIB PNT2 . PNT; PNT. Write Read 

0 0 0 0 WROB RROB 

0 0 0 1 WRI1B RR1B 

0 0 1 0 WR2 RR2B 

0 0 1 1 WR3B RR3B 

0 1 0 0 WR4B RR4B (WR4B) 
0 1 0 1 WR5B RRSB (WRS5B) 
0 1 1 0 WR6B RR6B 
0 1 1 1 WR7B RR7B 

1 0 0 0 WROA RROA 

1 0 0 1 WRIA RR1A 

1 0 1 0 WR2 RR2A 

1 0 1 1 WR3A RR3A 

1 1 0 0 WR4A RR4A (WR4A) 
1 1 0 1 WRS5A RRSA (WRSA) 
1 1 1 0 WR6A RR6A 

1 1 1 1 WR7A RR7A 

With the Point High command: 

0 0 0 0 WR8B RR8B 

0 0 0 1 WR9 RRQ (WR3B) 
0 0 1 0 WR10B RR10B 

0 0 1 1. WR11B RR11B (WR10B) 
0 1 0 0 WR12B RR12B 

0 1 0 1 WR13B RR13B 

0 1 1 0 WR14B RR14B (WR7’B) 
0 1 1 1 WR15B RR15B 

1 0 0 0 WR8A RR8A 

1 0 0 1 WR9 RR9A (WR3A) 
1 0 1 0 WRI10A * RRI0A 

1 0 1 1 WRI11A RR11A_ (WR10A) 
{ 1 0 0 WR12A RR12A 

1 1 0 1 WR13A RR13A 

1 1 1 0 WR14A RR14A (WR7’A) 
1 1 1 1 WRI15A RR15A 


Data Being Sent ————> 








Tx Underrun/EOM 


RTS Bit Di WRS5_ 


RTS Pin (Active Low) 


Figure 16. Auto RTS Reset Mode 
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Figure 17A. 5 Bits/Character 
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Figure 17B. 6 Bits/Character 


Am85C30 


2-64 


AMD cl 





Residue Residue 
Code 


012 
111 





Residue ; Residue 
Code Code 





LD | D [Co {Ci |C2 [Cs [Ca [Cs | MDE CICA Ge 
| Ciz | Cal Cs} Ce [Cr | Ca [Co [Cro] Crs 
: Cis Cis 
ae ee ee 
Residue Residue 
Code Code 
O12 O12 
001 101 












| D{D|D [D [Co[Cr |C2 [Cs | 
| Cal Cal Cs [Ce] C7 |Ce [Co |Cro 
. Cis 
De: es es a a 


}D} DD {D [D |Co|C: |Ce | 
Co 

Cis 
a aS ae a 












Residue 
ode ~ 


|o|p|0 |p |o Jp |p Jo | 
Pofo[o [pb [o [oD Icefor 
[Cif Cal Cs [Ca |Cs ICs [Cr [Cs 
[Cal Col Cro Cro] Cz] Cro] Cal Cre 
Fe Ge et a es 









Figure 17C. 7 Bits/Character ID ENCE ONES 
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Residue 
Code 
012 
011 
(No Residue) 
Cis 
a aa ie 
ae ese ale 
Residue 
Code 
012 
000 
(2 Residue Bits) 
| D | D | Co]Ci|{ Ce [C3 |Ca] Cs _| 
Cis 
C13] Cra] Crs 
ee Sah? i= ae 
Residue 
Code 
Q12 
010 
(4 Residue Bits) 
| DDD ID |[Co[C: {Ce [Cs | 
| Ca} Cs} Co {Cz [Ca [Co |Crol Crs 
Cis 
aceae REl a (  e 
Residue 
Code 
O12 
001 


(6 Residue Bits) 


}D_|D {DD |D_ [Co Cr | 


rect est Cs este or fer Co 
Crs 
nn mee 


Residue 
Code 
012 

111 


(1 Residue Bit) 


(0/0 |p | |p |p [o 
[Col Cr C2 [Ca ]Cx [Cs [Ce 
Gif Gal Cal Caf Or] Orel CalO 
ea 








Co Crs 
Ae a ee a 





Residue 





Residue 
Code 


012 
110 


(5 Residue Bits) 


}D| DD |D_|D [Co |Cr |Ce | 
Cro 
Cis 
eS a Ee He 





Residue 
Code 
012 

101 


(7 Residue Bits) 





Figure 17D. 8 Bits/Character 10216A-018A 
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Auto Flag Mode 


On the NMOS Am8530H, if the transmitter is actively 
mark idling and a frame of data is ready to be transmitted, 
the Mark/Flag Idle bit must be set to 0 before data is writ- 
ten to WR8, otherwise the opening flag will not be sent 
properly. However, care must be exercised in doing this 
because the mark idle pattern (eight 1 bits) is transmitted 
8 bits at a time, and all 8 bits must have transferred out of 
the Transmit Shift Register before a flag may be loaded 
and sent. If data is written into the Transmit Buffer (WR8) 
before the flag is loaded into the Transmit Shift Register, 
the data character written to WR8 will supersede flag 
transmission and the opening flag will not be transmitted. 


On the CMOS Am85C30, if bit Do of WR15 is setto 1 and 
the ESCC is programmed for SDLC operation, an option 
is provided via bit Do of WR7’ that eliminates this require- 
ment. If bit Do of WR7’ is setto 1 and a character is written 
tothe Transmit Buffer while the transmitter is mark idling, 
the Mark/Flag Idle bit in WR10 need not be reset to 0 in 
order to have the opening flag sent because the transmit- 
ter will automatically send it before commencing to send 
data. 


In addition, as long as bit Do of WR15 and bit D: of WR7’ 
are set to 1, the CRC transmit generator will be automati- 
cally preset to the initial state programmed by bit D7 of 
WR10 (so the Reset Tx CRC Generator command is 
also not necessary), and the Tx Underrun/EOM latch will 
be reset automatically on every new frame sent. This en- 
sures that an opening flag and proper CRC generation 
and transmission will always be sent without processor 
intervention under varying bus latency conditions. 


Auto Transmit CRC Generator Preset 


The NMOS Am8530H does not automatically preset the 
CRC generator prior to frame transmission. This must be 
done in software, usually during the initialization routine. 
This is accomplished by issuing the Reset Tx CRC Gen- 
erator Command via WRO. For proper results, this com- 
mand must be issued while the transmitter is enabled 
and idling and before any data are written to the Transmit 
Buffer. 


In addition, if CRC is to be used, the transmit CRC gen- 
erator must be enabled by setting bit Do of WR85 to 1. 
CRC is normally calculated on all characters between 
opening and closing flags, so this bit should be set to 1 at 
initialization and never changed. 


On the CMOS Am85C30, setting bit Do of WR15 to 1 will 
cause the transmit CRC generator to be preset automati- 
cally every time an opening flag is sent, so the Reset Tx 
CRC Generator Command is not necessary. 


Auto Tx Underrun/EOM Latch Reset 


On the ESCC, the transmission of the CRC check char- 
acters is controlled by the Transmit CRC Enable bit in 
WR85 (Do) and the Tx Underrun/EOM bit in RRO (De). 
However, if the Transmit Enable bit is set to 0 when a 
transmit underrun (i.e., both the Transmit Buffer and 
Transmit Shift Register become empty) occurs, the CRC 
check characters will not be sent regardless of the state 
of the Tx Underrun/EOM bit. 


If the Transmit Enable bit is set to 1 when an underrun oc- 
curs, then the state of the Tx Underrun/EOM bit and the 
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Abort/Flag on Underrun bit in WR10 (Dz) determine the 
action taken by the transmitter. The Abort/Flag on Un- 
derrun bit may be set or reset by the processor, whereas 
the Tx Underrun/EOM bit is set by the transmitter and 
can only be reset by the processor via the Reset Tx Un- 
derrun/EOM Command in WRO. 


If the Tx Underrun/EOM bit is set to 1 when an underrun 
occurs, the transmitter will close the frame by sending a 
flag; however, if this bit is set to 0, the frame data will be 
appended with either the accumulated CRC characters 
followed by a flag or an abort pattern followed by a flag, 
depending on the state of the Abort/Flag on Underrun bit 
in the WR10 (Dz). In either case, after the closing flag is 
sent, the transmitter will idle the transmission line as 
specified by the Mark/Flag Idle bit Ds in WR10. 


Hence, if the CRC check characters are to be properly 
appended to a frame, the Abort/Flag on Underrun bit 
must be set to 0, and the Reset Tx Underrun/EOM Com- 
mand must be issued after the first but before the last 
character is written to the Transmit Buffer. This will en- 
sure that either an abort or the CRC will be transmitted if 
an underrun occurs. Normally, the Abort/Flag on Under- 
run bit in WR10 should be set to 1 around the same time 
that the Tx Underrun/EOM bitis reset so that an abort will 
be sent if the transmitter accidentally underruns, and 
then set to 0 nearthe end of the frame to allow the correct 
transmission of CRC. 


On the Am85C30, if bit Do of WR15 is set to 1, the option 
of having the Tx Underrun/EOM bit reset automatically at 
the start of every frame is provided via bit D: of WR7’. 
This helps alleviate the software burden of having to re- 
spond within one character time when high-speed data 
are being sent. 


SDLC/HDLC NRZI Transmitter Disabling 


Onthe NMOS Am8530H, if NRZI encoding is being used 
and the transmitter is disabled, the state of the TxD pin 
will depend on the last bit sent. That is, the TxD pin may 
either idle in a Low or High state as shown in Figure 18. 


On the CMOS Am85C30, an option is provided that al- 
lows setting the TxD pin High when operating in SDLC 
mode with NRZI encoding enabled. If bit Do of WR15 is 
set to 1, then bit D3 of WR7’ can be used to set the TxD 
pin High. Note that the operation of this bit is independent 
of the Tx Enable bit in WR5. The Tx Enable bit in WR5 is 
used to disable and enable the transmitter, whereas bit 
D3 of WR7’ acts as a pseudo transmitter disable and en- 
able by just forcing the TxD pin High when set even 
though the transmitter may actually be mark or flag 
idling. Care must be used when setting this bit because 
any character being transmitted at the time this bit is set 
will be “chopped off,” and data written to the Transmit 
Buffer while this bit is set will be lost. 


‘When the transmit underrun occurs and the CRC and 


closing flag have been sent, bit Dscan be set to pull TxD 
High. When ready to start sending data again this bit 
must be reset to 0 before the first character is written to 
the Transmit Buffer. Note that resetting this bit causes 
the TxD pin to take whatever state the NRZI encoder is in 
at the time, so synchronization at the receiver may take 
longer because the first transition seen on the TxD pin 
may not coincide with a bit boundary. Note that in order 
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Transmitter Disabled Here 


TxD Pin Output (NRZI Encoded) 


—| 


Hi 
Lo | ee ee 


Figure 18. Transmitter Disabling with NRZI Encoding 


for this to function properly, bits Ds and Dz of WR10 must 
be set to 1 and 0, respectively. 


Interrupt Masking Without INTACK 


The NMOS Am8530H's ability to mask lower priority in- 
terrupts is done via the IUS bit. This bit is internal to the 
SCC and is not observable by the processor. Being able 
to automatically mask lower priority interrupts allows a 


modular approach to coding interrupt routines. However, 
using the masking canahilitias of the NMOS SCC ro- 


Wrenn wew 


quires that the INTACK cycle be generated. In stand- 


alone applications, having to generate INTACK through | 


external hardware in order to use this capability is an 
unnecessary expense. 


On the CMOS Am85C30, if bit Ds in WR9 is set to 1, the 
INTACK cycle does not need to be generated in order to 
have the IUS bit set. This allows the user to respond to 
ESCC interrupt requests with a software acknowledg- 
ment through RR2. When bit Ds in WR9 is set and an 
interrupt occurs, a read to RR2 emulates a hardware 
Interrupt Acknowledge cycle as it functions in Vectored 
mode. In this case the CPU must first read RR2 to deter- 
mine the internal interrupt source and then jump to the 
appropriate interrupt routine. Reading RR2 sets the |US 
bit forthe highest priority IP. After the interrupting condi- 
tion is cleared, the routine can then read RR@ to deter- 
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mine if any other IPs are set and clear them. At the end of 
the interrupt routine, a Reset !'US command must be is- 
sued to unlock the internal daisy chain. 


Since the CPU can acknowledge the ESCC of highest 
priority with a read of its RR2 interrupt vector, there is no 
need for an external daisy chain. IEl for all ESCC devices 
should be tied active High. When acknowledging an 
ESCC interrupt request, the CPU mustissue one read to 
RR2 per interrupt request. The modified interrupt vector 
canbe read from Channel B, or the original vector stored 
in WR2 can be read from Channel A. Either action will 
produce the same internal actions on the !US logic. Note 


_that the No Vector and Vector Includes Status bits in 


WR3 are ignored when bit Ds in WR9 is set to 1. 


2-Mb/s FM Data Transmission and Reception 


The 16-MHz version of the CMOS Am8s5C30 
(Am85C30-16) is capable of transmitting and receiving 
FM-encoded data at the rate of 2 Mb/s. This is accom- 
plished by applying a 32-MHz clock to the RTxC pin and 
assigning this waveform to drive the Internal Digital 
Phase-Locked Loop (DPLL) clock. This feature allows 
the user to send both clock and data information over the 
same line at 2 Mb/s and can eliminate external DPLLs 
required for high-speed NRZ data clock generation. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature —65 to +150°C 
Voltage at any Pin 
Relative to Vss —0.5 to+7.0 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device reli- 
ability. 


DC CHARACTERISTICS over operating range 


OPERATING RANGES 
Commercial (C) Devices 


Ambient Temperature (Ta) 0 to +70°C 

Supply Voltage (Vcc) +5V+10% 
industrial (1) Devices 

Ambient Temperature (Ta) —40 to +85°C 

Supply Voltage (Vcc) 5V+10% 
Military (M) Devices 

Case Temperature (Tc) —55° to 125° 

Supply Voltage (Vcc) 5 V+10% 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 





Parameter Parameter 
Symbol Description Test Conditions Min Max Unit 
Vio Input High Voltage Commercial ae Vec +0.3* V 
Vit Input Low Voltage 0.3" 0.8 V 
Vout Output High Voltage lon = -1.6mA 2.4 V 
VoH2 Output High Voltage lon = —250 nA Vcc -0.8 V 
VoL Output Low Voltage lo. = +2.0 mA 0.4 Vv 
fie Input Leakage 0.4V<Vns2.4V +10.0 pA 
lot Output Leakage 0.4V <Vours 2.4V +10.0 pA 
Ices Vee Supply Current 8.192 MHz 18 mA. 
10 MHz Inputs at 18 mA 
12 MHz voltage rails, 22 mA 
16.384 MHz output unloaded . 22 mA 
20 MHz 30 mA 
Cin Input Capacitance Unmeasured pins returned _ 10 pF 
Cout Output Capacitance to ground = 1 MHz over 15 pF 
Cmo ' Bidirectional Capacitance specified temperature range 20 pF 


"Vin Max and Vi Min not tested. Guaranteed by design. 


Standard Test Conditions 


The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All voltages 


SWITCHING TEST CIRCUITS 
Standard Test Dynamic Load Circuit 


lo.=2 mA 







Threshold 


Voltage From Output 


Under Test 


Tis pF. 


lon = 250 WA 


Vr=1.4V 


Am85C30 


are referenced to GND. Positive current flows into the 
referenced pin. Standard conditions are as follows: 


44.5 V<Veco<4+5.5V 
GND = OV 
0°C < Ta < 70°C 


Open-Drain Test Load 


+5 V 


2.2K 


From Output 
Under Test 


75 pF 


| ee 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range 
General Timing (see Figure 19) 


Parameter. Parameter | 8.192 MHz 
Symbol Description 
TdPC(REQ) PCLK J to W/REQ Valid Delay 
2 TdPC(W) PCLK J to Wait Inactive Delay 


3 TsRXC(PC) RxC T to PCLK T Setup Time NA 
(Notes 1,4&8) - 


ThRXD(RXCr) RxD to RxC T Hold Time 1 
(XI Mode) (Note 1) 

TsRXD(RXCf) RxD to RxC J Setup Time 
(XI Mode) (Notes 1, 5) 

7 ThRXD(RXCf) RxD to RxC J Hold Time 150 

(XI Mode) (Notes 1, 5) 

TsSY(RXC) SYNC to RxC T Setup Time 
(Note 1) 

ThSY(RXC) SYNC to RxC 1 Hold Time 
(Note 1) 


TxC 1 to PCLK T Setup Time 
(Notes 2, 4 & 8) 


50 
5 


4 TsRXD(RXCr) RxD to RxC T Setup Time 
(XI Mode) (Note 1) 


48 


| 150_| 





Notes: 

1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

2. TxC is TRxC or RTXC, whichever is supplying the transmit clock. 

3. Both RTIxC and SYNC have 30-pF capacitors to ground connected to them. 

4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 
RxC and PCLK or TxC and PCLK is required. 

5. Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to 
chip PCLK requirements. 

7. The maximum receive or transmit data is 1/4 PCLK. 

8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 
TRxC and RIXC rise and fall times are identical to PCLK. Reference timing specs Tfpce and Trpc. 
Tx and Rx input clock slow rates should be kept to a maximum of 30 ns. All parameters related to input CLK edges 
should be referenced at the point at which the transition begins or ends, whichever is the worst case. 

9. ENHANCED FEATURE—RIXC used as input to internal DPLL only. 
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SWITCHING TEST INPUT/OUTPUT WAVEFORM 


2.4V 
2.0V rest -—” 2.0V 
a Points~m 92 
0.4V 2.8. 2 


AC testing: Inputs are driven at 2.4 V for a logic 1 and 0.4 V for a logic 0. 
Timing measurements are made at 2.0 V for a logic 1 and 0.8 V for logic 0. 


poke Naf Nee RT ELF NT OS 
W/REQ | 
Request | | 
a ai | : } 
WIREQ ao foe 3 
Wait 
, | 


RTxC, TRxC 
Receive 


RxD 
SYNC 
External 
TRxC RIxG | 
Transmit 
| . 
TRxC : 

Output 

| 


RIxC 1 





SYNC } ‘ / 
Input | | 
Figure 19. General Timing 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 
System Timing (See Figure 20) 


Parameter Parameter . [| 8.192 MHz | 
ae Symbol Description | Min. | 
1 TdRXC(REQ) RXC T WREOQ Valid Delay 
(Note 2) 
TdRXC(W) RXC T to Wait Inactive Delay . 
(Notes 1, 2) 
3 TdRXC(SY) RxC T to SYNC Valid Delay 4 
(Note 2) 
4 TdRXC(INT) RxC T to INT Valid Delay 10 
(Notes 1, 2) 
TdTXC(REQ) TxC T to WREQ Valid Delay 
(Note 3) 
TdTXC(W) TxC J to Wait Inactive Delay 
(Notes 1, 3) 
7a TdTXC(DRQ) TxC J to DTR/REQ Valid Delay 
(Note 3) 
7b TdTXC(EDRQ) TxC | to DTR/REQ Valid Delay 
(Notes 3, 4) ; 
TdTXC(INT) TxC J to INT Valid Delay 
(Notes 1, 3) 













Bel 
8) 
Qa 


a 
vu 
Q 


4 










4 
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TdSY(INT) SYNC Transition to INT Valid 
Delay (Note 1) 
10 TdEXT(INT) DCD or CTS Transition to INT- 
: Valid Delay (Note 1) 


Parameter Parameter 
Symbol Description 


1 TdRXC(REQ) RXC T WIREO Valid Delay 
(Note 2) , 
2 TdRXC(W) RXC T to Wait Inactive Delay 
(Notes 1, 2) 


TdRXC(SY) RxC T to SYNC Valid Delay : 
(Note 2) . ; 


4 TdRXC(INT) Tto INT Valid Delay 
(Notes 1, 2) 
TdTXC(REQ) TxC J to WREQ Valid Delay 
(Note 3) 
TdTXC(W) TxC J to Wait Inactive Delay 
(Notes 1, 3) 
7a TdTXC(DRQ) TxC J to DTR/REQ Valid Delay 
(Note 3) 
7b TdTXC(EDRQ) TxC J to DTRVREQ Valid Delay 
(Notes 3, 4) 


+ 
ry 
8) 
ie) 


=v 
oO 
a 
0 
(e) 


16.384 MHz 





12 


fee 
0 
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—_ 
a 
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TdTXC(INT) TxC J to INT Valid Delay 
(Notes 1, 3) 
TdSY(INT) SYNC Transition to INT Valid 2 
Delay (Note 1) 
TdEXT(INT) DCD or CTS Transition to INT 
Valid Delay (Note 1) 
Notes: 


1. Open-drain output, measured with open-drain test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
4. Parameter applies to Enhanced Request mode only. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 
Read and Write Timing (see Figure 21) 























| ai92MHz | 10MHz | 16.384 MHz | 
- symbol (Max. { min. | Max. | in. | Max. 
2000 | 40 | 2000 | 26 | 2000 | ns _| 
| 2 | twech i PctKHighwidth =| 50 ‘| 2000 | 40 | 2000 | 26 | 2000 | ns __ 
[3 [upc —~*([PoikFaitime =| =| 5 | | 2 | ‘| 8 [ns | 
4 [tec _[PcikRisetime S| sd] ts | od] 2 | | 8 [as | 
Ps [repo __—‘[Porkoycletime __—_—~'{|_ta2 | 4000 | 100 | 4000 | 61 | 4000 | ns _| 
[6 | TeaWA) | AddresstoWHlSeuptime | 70 | | 50 | | 95 | | ns_ 
[7 | ThaWA) __| Address toWATHold Time | o | | o | | 0 | | ns | 
[8 | TsA(RD) | AddresstoRDSetupTime | 7o | | 50 | | 35 | | ns | 
[9 | Tha(RD) _[ AddresstoRDTHoldTime | o | | o | | o [ [ns | 
[10 | Tso) | NTACKto POLK TSetuptime | 20 | | 20 [| | 18 | | ns | 
ep ee ee ees 
(Note 1) 
[12 | THAWA)_[INTACKioWATHodTime [| o | | o | | 0 | |v | 
Ts!A(RD) INTACK to RD J Setup Time 145 ae a ae 70 Pee 
(Note 1) 
P14 [THAIRO)_[INTACKtoROTHoWTime | o | | o | | o | |as_ 


[15 | ThA) | INTACK io PCLKTHodTine | <o| [2 | | 15 | |r | 
[16] TeCEKWA) [CE Low to WAL Seuptime [0 [| [0 || 0 | | rs | 
[a7 thcewny | CEtoWATHodTime | o | | 0 | | 0 | | m | 
[1a] TsCEnWA) | CEHigh to WA Seuptime | 60 | | 80 | | 90 | | rs | 


el 
19 TsCEK(RD)  ~- | CELowto RD J Setup Time 
pees oe dae eee ioe esd 
Oe ee ee ee a ee ce 


ThCE(RD) CE to RD T Hold Time (Note1) 


TsCEh(RD) CE High to RD | Setup Time . 50 30 
-(Note 1) 
( 


| TwRDI | RD Low Width (Notet) | 50 | | 125 | | 75 | ns | 
(ea Ua Da a 










( 
TdRD(DRA) RD J to Read Data Active Delay 
TdRDr(DR) RD T to Read Data Not Valid Delay 


21 
22 
23 
24 
25 

6 


2 





Os, 
poof fo | | 
| TARDDR) | RD LtoRead DataValidDelay | | 140 | | 120 | | 70 ns 


TdRD(DRz) RD T to Read Data Float Delay 
(Note 2) 
Notes: 


1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and 
minimum AC load. 
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Figure 20. System Timing 
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Figure 21. Read and Write Timing 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range (Continued) 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22-24) 


[9.192 Mi 
ear | ores, LS 
Data Valid Delay 
TaWRr(REQ) 


27 
28 
29 
30 
31 
32 
33 
34 
5a 
5 
36 
37 
41 
42 
43 
44 
46 
47 


b TdWRr(EREQ) | WR J to DTR/REO Not Valid Delay 
TdRDr(REQ) RD T to DTR/REQ Not Valid Delay 
TdPC(INT) PCLK J to INT Valid Delay (Note 2) 


TdlAi(RD) INTACK to RD J (Acknowledge) 
Delay (Note 3) 


TwRDA RD (Acknowledge) Width 
TdRDA(DR) RD J (Acknowledge) to Read 

Data Valid Delay 
TsIEKRDA) IEl to RD 1 (Acknowledge) Setup 

Time 


ThIEI(RDA) IEl to RD T (Acknowledge) Hold 
Time 
WR T to RD J Delay for No Reset 


TwRES WR and RD Coincident Low for . 
Reset 


49 Tre Valid Access Recovery Time 3.5 
(Note 1) 


3 
3 





Notes: 

1, Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 

2. Open-drain output, measured with open-drain test load. 

3. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of DdPC(IEO) 
for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdlEl(IEO) for each device separating 
them in the daisy chain. 

4. Parameter applies to Enhanced Request mode only. 
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Figure 24. Interrupt Acknowledge Timing 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range 
General Timing (see Figure 19) 


Parameter Parameter | 8.192MHz | 10MHz | 16.384MHz | 
| 1 [repcreg) | PouKttoWREGvaid delay | | 250 | 
| 2 | tdPc(w) | PCLK J to Wait inactive Delay | | 350 | | 250__ 


3 TsRXC(PC) RxC T to PCLK T Setup Time NA NA NA NA 

(Notes 1, 4 & 8) 

TsRXD(RXCr) RxD to RxC T Setup Time 
(XI Mode) (Note 1) 

ThRXD(RXCr) RxD to Rx T Hold Time 150 
(XI Mode) (Note 1) 

TsRXD(RXCf) RxD to RxC J Setup Time 
(XI Mode) (Notes 1, 5) 




















= 


ThRXD(RXCf) "RxD to RxC J Hold Time 150 
(XI Mode) (Notes 1, 5) 

TsSY(RXC) SYNC to RxC T Setup Time 
(Note 1) 

ThSY(RXC) SYNC to RxC T Hold Time 


(Note 1) 

TsTXC(PC) TxC | to PCLK T Setup Time NA 
(Notes 2, 4 & 8) 

TdTXCf(TXD) TxC J to TxD Delay (Xi Mode) 
(Note 2) 

TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 

(Notes 2, 5) 

TdTXD(TRX) TxD to TRXC Delay 
(Send Clock Echo) 
C High Width (Note 9) |. 50 | 





TwRTXh TxG High Width (Note 6 
TwRTxh(E) Rix 


D 








aD 


Eee 

PTwRTxt | RIK Low Wiath (Note 6) | 150) 
TxC Low Width (Note 9) aaa 
TTeATX —___| Fix Gycle Time (Notes 67) | 488 |_| 
ee 

| 1000 | 

aan 

i 

= 

Ss 





wel 





1 
1 
1 


po) 





D 


PTeRTxE) | RTC Gycle Time (Note 9) | 125 | 
rystal Oscillator Period (Note 3) | 125 | 
150 

C Cycle Time (Notes 6, 7) 
SYNC Pulse Width | 200. | 


Notes: ; 

. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

. TxC is TRxC or RTXC, whichever is supplying the transmit clock. 

. Both RTxC and SYNC have 30-pF capacitors to ground connected to them. 

. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between 
RxC and PCLK or TxC and PCLK is required. 

. Parameter applies only to FM encoding/decoding. 

. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to 
chip PCLK requirements. 

. The maximum receive or transmit data is 1/4 PCLK. 

. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 
TRxC and RIXxC rise and fall times are identical to PCLK. Reference timing specs Tfpe and Trpc. 
Tx and Rx input clock slow rates should be kept to a maximum of 30 ns. All parameters related to input CLK edges 
should be referenced at the point at which the transition begins or ends, whichever is the worst case. 

9. ENHANCED FEATURE—RIXC used as input to internal DPLL only. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued) 
System Timing (See Figure 20) 


S01 
Parameter Parameter 
Symbol Description 
TdRXC(REQ) RXC T W/REO Valid Delay 
(Note 2) 





a4 ee ee Sel 
2 TdRXC(W) RXC T to Wait Inactive Delay 14 14. 
(Notes 1, 2) 
Note 2 
Notes 1, 2 
‘ ; Note 3 
TdTXC(W) TxC J to Wait Inactive Delay 5 11 11 
(Notes 1, 3) : 
7a TdTXC(DRQ) TxC 1 to DIRVREQ Valid Delay 4 7 
(Note 3) 
7b | TdTXC(EDRQ) | TxC J to DTR/REQ Valid Delay 5 Lo ed 
neo F Notes 3, 4 
Notes 1,3 
TdSY(INT) SYNC Transition to INT Valid - 2 2 
Delay (Note 1) 
TdEXT(INT) DCD or CTS Transition to INT 9 ele ee | 
Valid Delay (Note 1 
parameter | Parameter | Ue alld: 
Symbol _ Description | Min, | Max. 
Note 2 
TdRXC(W) RXG T to Wait Inactive Delay a ee 
Notes 1, 2 
Note 2 
Notes 1,2 
TdTXC(REQ) Tx | to WREO Valid Delay | fee pe ee Cater 
Note 3 
ee TdTXC(W) TxC J to Wait Inactive Delay 
Notes 1,3 
TdTXC(DRQ) TxC J to DIRREQ Valid Delay 
Note 3 
TdTXC(EDRQ) | Tx ltoDTR/REO Valid Delay ie ae oe 
Notes 3, 4 
Notes 1,3 
TdSY(INT) SYNC Transition to INT Valid 2 TcPc 
Delay (Note 1) 
TdEXT(INT) DCD or CTS Transition to INT oe Se ee 
Valid Delay (Note 1 


Notes: 

1. Open-drain output, measured with open-drain test load. 

2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
4. Parameter applies to Enhanced Request mode only. 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued 
Read and Write Timing (see Figure 21) 




























16.384 MHz 
flee |e Se 
[1 | twect | PcikLowwiath | 0 | t000 | 40 | 1000 | 26 | 1000 | ns_| 
1000 | 40 | 1000 | 26 | 1000 | ns 
[3 | wee | PoikFaltime —~+| | 1s ||| | 8 | ns_ 
fa _| wee [ POLK RiseTime _———+| | 1s || 12 | | 8 |ns_ 
ys | TePC | POLK Gycle Time | 122 | 2000 | 100 | 2000 | 61 | 2000 | ns_ 
[6 | TAWA) [Address toWAISewpTime | 70 | | 50 | | a8 | [ne | 
[7 [ Thar) | AddressioWATHold Time | 0 | |_o | | 0 | | rs_ 
| 8 | TsA(RD) | AddresstoRDSetupTime | 70 | | so | | 35 | ns 
| 9 | thaw) | AddresstoRD THoldTime | o | | oo || oo | ns 
INTACK to POLK TSetup Time | 20 | | 20 | | 15 | | rs | 
lea dil a at OA ak 

(Note 1) ; 
[72 THAW) _[INTAGKto WATHoldTime | 0 | | 0 | | 0 | |rs_ 
foe eee eee ee ena ee 
(Note 1) 
[14 TAIRD) | INTAGKto RD THoldtime | 0 | | 0 | | 0 | || 
[15 _[ ThIAPO) | INTAGKto POLK THold Time | 40 | | 30 | | 18 | | s_ 


| 16 | TsCE(WR) | CELowtoWR!SetupTime = | o | | o | | o | [ns | 
[47_[Thcewn) | CEoWATHowTime | o | | 0 | | 0 | |e | 
[1a | TeCEN(WR) | CEFigh wo WAsewp Time | 0] | 50 


19 TsCEI(RD) CE Low to RD J Setup Time 
(Note 1) 


[20 THCe(AD) _ [CERO THow Tine Wore [0 | | o | | 0 | [ws | 


TsCEh(RD) CE High to RD J Setup Time 
(Note 1) 
TwRDI RD Low Width (Note 1) ee a eo ae 
TdRD(DRA) RD J to Read Data Active Delay ie eee ee ee 
TdRDr(DR) RD TtoReadDataNotValidDelay|° 0 | | o0 | | 
TdRD{(DR) RD J to Read Data Valid Delay 1140 | | 125 | 

Notes: : 

1. Parameter does not apply to Interrupt Acknowledge transactions. 

2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC load and 


TdRD(DRz) RD T to Read Data Float Delay 
(Note 2) 
minimum AC load. 


22 
23 
24 
25 
26 
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SWITCHING CHARACTERISTICS over MILITARY/INDUSTRIAL operating range (Continued) 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 22—24) 


Symbol Description 
Data Valid Delay 





3 
3 
3 
3 
3 
3 


2 
3 
4 


>| TaWarEREG 


8 TdlAi(RD) INTACK to RD J (Acknowledge) 150 125 
Delay (Note 3) ; 


2 | TwROA | RO (Acknowledge) wah | too] | ts | | 7a] 


40 TdRDA(DR) RD J! (Acknowledge) to Read 140 120 70 
Data Valid Delay 
Ts!EI(RDA) IE] to RD J (Acknowledge) Setup 95 
Time 
ThIEI(RDA) IEl to RD T (Acknowledge) Hold 
Time 


ee 
[44 | TaP CEO) | POLK Tio 1EO Delay | | 200 | | 75 | | 80_[ ns 
[a5 TéADAINT) | ADI toINT inactive Delay (ote2)] | aso | | 20 | | 200 | re | 
[46_| TaD (WAG) | ROTIOWR! DelaytorNoReset | ts] [| | 1 [| [ra | 
a7 TawnarAd) | WAT to RD! DelaytorNo Reset | is] | 1 || 10 | | ne 


48 TwRES WR and RD Coincident Low for 150 75 
Reset 

49 Tre Valid Access Recovery Time 3.5 3.5 3.5 TePc 
(Note 1) 


Notes: 

1. Parameter applies only between transactions involving the ESCC, if WR/RD falling edge is synchronized to PCLK 
falling edge, then TrC = 3TcPc. 

2. Open-drain output, measured with open-drain test load. : 

3. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of DdPC(IEO) 
for the highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEI(IEO) for each device separating 
them in the daisy chain. 

4. Parameter applies to Enhanced Request mode only. 


[29 
| 30 
| 31 
| 32 | 
| 33 
cm 
[35a 


Z 
8 
0 
1 
a 
7 


5 


sl 


36 
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Am85C230A 


Enhanced Serial Communication Controller 
with LocalTalk™ Support (ESCC/LT) - 


DISTINCTIVE CHARACTERISTICS 


™ Plug compatible with Zilog Z85230 

— Deactivation of RTS pin after the SDLC ending 

— Automatic transmission of the SDLC beginning 
flag 

— Automatic reset of Tx underrun/EOM latch 

— Complete CRC reception 

~ TxD pin automatically forced high’ in NRZI 
encoding mode 

— Rx FIFO unlock after special condition interrupt 
when Status FIFOisused st 

— Write registers WR3, WR4, WR5 and WR10 
being readable : 

~ DTR/REQ pin timing reduced 

— Faster interrupt response 

— Software interrupt acknowledge mode 

~— Addition of new register WR7’ 

— Modified Databus Timing (Parameter #29) 

— Additional Rx and Tx FIFO 

- Tx Clock divider (X16 & X32) in Synchronous 
modes 

— Latching of RRO during Read Cycle 


GENERAL DESCRIPTION 


The Am85C230A is pin and software compatible and a 
functional superset of Z85230. Enhancements to the 


285230 include, hardware implementation of Apple . 


LocalTalk protocol, 4 deep Transmit FIFO extension to 
total 8-byte Rx and 8-byte Tx FIFOs, Ready signal to 
reflect the write recovery time, sleep mode for reduced 
power, addition of Schmitt trigger circuitry on Rx and 


BLOCK DIAGRAM 


ESCC 
(Am85C30) 
. READY Extended 
Heney Logic | |4 deep Tx FIFO 
Software 


Enable 


“Option on PLCC Package only 
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LocalTalk 
State Machine 





Advanced 
Micro 
Devices 


m Implements the following LocalTalk 
' requirements: . 
~ Generation of SYNC pulse before the SDLC 
opening FLAG 
— Generation of two SDLC opening FLAGs 
— Generation of an abort sequence at the end of 
LocalTalk packet 
— Automatic Receive Disable during Transmit . 


8-byte Receive and 4-byte (extendable to 8-byte) 
Transmit FIFO — . 


Generation of ‘End of Packet’ DMA Request 
Fast data rates; up to 20 MHz / 5Mb/s 
Sleep mode for reduced power 


Addition of Schmitt Trigger Circuit on Rx and Tx 
clock inputs 


Ready function added to reflect valid access 
recovery time 


Availability of the die revision ID information 


B Available in both 40-pin DIP and 44-pin PLCC 
packages 


- Tx clock inputs, and the availability of die revision 


information. 


At power up, Am85C230A will look like the 285230. The 
LocalTalk enhancements, TX FIFO extension and the 
die revision 1D.can be enabled using the new WR6’ 
register. 


Additional 
5 Deep Rx 
&3 Deep Tx FIFOs 


Sleep Mode 
Logic 
Die 

Revision 


16505A-001A 
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Interfacing the Am8530H and Am85C30 Serial 
Communications Controllers to the 80186 


Microprocessor 
by John Langlois 
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INTRODUCTION 


A simple interface between the 80186 Microprocessor 
and 8530 Serial Communications Controller (SCC) can 
now be realized, due to the enhancements achieved 
with the Am8530H and Am85C30 Serial Communica- 
tions Controllers. Previous application notes have re- 
quired eight 74LS devices to meet the 8530 timing 
requirements. This document describes solutions that 
can be implemented in a single chip. Depending on sys- 
tem constraints, the interface can be as simple as a sin- 
gle inverter (Am85C30 in enhanced mode), but is never 
more than a PAL16L8 (Am8530H) device. 


The timing requirements of each version of the 8530 are 
examined in the next section. The original 8530 is dis- 
cussed only to provide a reference point. Solutions for 
each interface problem are then presented. If a particu- 
lar feature is not required, that circuit obviously need not 
be implemented. Timing analysis for the complete inter- 
faces follow the solutions. PAL, equations are also 
included. 


Forthe purposes of this document, it is assumed that the 
reader is familiar with the 8530 SCC and 80186 micro- 
processor. The following data sheets are applicable: 


AMD 80186 High Integration 16-Bit Microprocessor 
(Order #03551) 


AMD Am85C30 Enhanced Seria! Communications 
Controller (Order #10216) 


AMD Am8530H Serial Communications Controller 
(Order #00970) 


AMD Am85C30 Technical Manual (Order #07513) 
TIMING REQUIREMENTS 


8530 SCC 


The original 8530/80186 interface is complicated by 
several factors, the most difficult being the access re- 
covery time (Trc). The minimum time from the trailing 
edge of one command to the leading edge of the next is 
six clock cycles + 130 ns for the 6 MHz part. This neces- 
sitates the use of extensive wait state generation cir- 
cuitry to hold off back-to-back accesses. It is possible to 
meet the requirement in software by inserting NOPs. 
This practice is generally frowned upon, since the proc- 
essor clock speed would affect the software. Also, DMA 
transfers at high rates have no way of inserting NOPs. 
The solution to this has already been addressed and is 
not part of this discussion (EDN, April 4, 1985, pp. 
274-275). 


Publication # Rev. Amendment Issue Date 


12482 B /0 11/91 


Interrupt acknowledge cycles with the 8530 don’t match 
the 80186. While the 80186 generates two pulses onthe 
INTA line, reading the vector on the second pulse, the 
8530 expects to see one long INTA pulse, with a read 
strobe near the end to read the interrupt vector. Note 
that it is possible to read the interrupt vector from Read 
Register 2 of the 8530. This will not, however, set the 
1US bit and mask off lower priority interrupts; a patawale 
cycle must occur to accomplish that. 


Data is expected to be valid at the leading edge of write 
during a write cycle. Consequently, write must be de- 
layed to the 8530 until the next rising edge of the proces- 
sor clock. This may or may not be a problem, depending 
on how the wait state circuitry is implemented. - 


The read strobe must also be delayed by one-half clock 
to meet the address setup time requirements. 


Direct Memory Access (DMA) transfers are supported 
by the 8530. The W/REQ pin may be programmed as a 
DMA request for either transmit or receive. DTR/REQ 
can be used as a DMA request for transmit only. It is 
possible to support single-channel full-duplex or dual- 
channel! half-duplex DMA with the DMA controller resi- 
dent on the 80186. While the W/REQ timing does not 
present a problem, it is always possible to generate er- 
roneous requests onthe DTP/REQ interface. This is due 
to DTR/REQ going to its inactive state timed from the 
trailing edge of the command, which is too late to pre- 
vent an additional DMA request from being recognized 
by the 80186. DTR/REQ must therefore be negated at 
the beginning of the cycle servicing the request. 


A reset of the 8530 is accomplished by asserting read 
and write simultaneously. A software reset command 
can also be issued by reading Read Register 0 and writ- 
ing the reset command to Write Register 9. This is a 
choice left to the designer. 


Am8530H SCC 


A major improvement was madein the access recovery 
time with the AmM8530H. Tre is now measured from the 
leading edge of one command tothe leading edge of the 
next. It is also reduced from six clocks + 130 ns to four 
clocks. The increased clock speed (8.192 MHz) allows it 
to be clocked from the 80186 CLKOUT in many sys- 
tems. This improvement eliminates the wait state gen- 
eration circuitry, allowing the 80186’s internal wait state 
generator to be used. 


The other 8530 timing requirements are still valid. 
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Am85C30 ESCC 


The Am85C30 provides many additional improvements. 
With this device, it is possible to interface to the 80186 
with three inverters and still have interrupt and DMA 
support. 


Access recovery time is improved to three clock cycles if 
the commands are synchronized to PCLK. This is the 
case here, since CLKOUT from the 80186 is driving 
PCLK. As in the Am8530H, it is measured from leading 
edge to leading edge of the command. 


With the Am85C30, it is not necessary to use hardware 
interrupt acknowledge sequences. An additional feature 
has been added that will emulate a hardware cycle 
when the vector is read from Read Register 2. As with 
the hardware cycle, the IUS bit is set and all lower prior- 
ity interrupts within the device are masked. Bit D5 of 
Write Register 9 controls this enhancement. 


Data does not need to be valid prior to the leading edge 
of write. The timing has been relaxed so that data can 
become valid a short time after write. To take advantage 
of this, the Am85C30 data pins must be connected di- 
rectly to the 80186, as the additional buffer delay would 
violate this parameter. This is not a problem in most sys- 
tems. If it is, write must be delayed. 


The read strobe need not be delayed, due to improved 
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The last enhancement of the Am85C30 that affects the 
80186 interface is DTR/REQ timing. The extended Write 
Register 7, or WR7’, is enabled by setting bit DO of Write 
Register 15. Bit D4 of WR7’ then controls whether D DTP 
REQ is de-asserted at the leading edge, like W/REQ, or 
the trailing edge, as in the 8530. 


SOLUTIONS 


Delayed Write 


Write to the 8530 must be delayed in the case of the 
Am8530H, and may need to be delayed with the 
Am85C30. Two signals enter into the delayed write 
equation: WRITE from the 80186 and CLKOUT. The 
PAL equation is: 


DEL_WR = WRITE * DEL WR + CLKOUT id 


WRITE 


This equation is read as: DEL_WR will be active (low) if 
WRITE is active (low) and DEL_WR. is active (low), or 
CLKOUT is active (high) and WRITE is active (low). 


Delayed Read 


The read strobe may need to be delayed to meet ad- 
dress setup requirements. The same equation used for 
delayed write applies. 


address setup time parameters. DEL_RD = READ * DEL_RD + CLKOUT * READ 
11 T2 3 TW T4 
core © cee ge eee se RU pre 
WRITE ek 
‘DEL_WR ee 
12482B-001A 
Delayed Write 
T1 T2 T3 TW T4 . 
pene AE Ae ee Week desu, 
READ Sete A et 
DEL_RD 


ee heel 
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Delayed Read 
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Interrupt Acknowledge Generation 


This circuit generates the required interrupt acknowl- 
edge pulse and read strobe to the 8530 during an inter- 
rupt acknowledge sequence. Inputs are CLKOUT and 
INTAO, both generated by the 80186. ZINTACK and 
ZRD are outputs driving INTA and READ of the 8530, re- 
spectively. ZINTACK is simply INTA0 divided by 2, set to 
its inactive state on reset. This is easily done with a posi- 
tive edge-triggered flip-flop, but that’s not being used. 
To perform the same function ina combinatorial PAL de- 
vice, two macrocells are used. 


ZRD is merely the logical AND of INTAO and ZINTACK. 
ZS0, ZINTACK and ZRD are defined as active low sig- 
nals. RESET is active high and initializes the two cells. 


Tl Tl 
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Hardware Reset 


A hardware reset is generated by asserting a read and 
write to the 8530 simultaneously. RESET is an active 
high output from the 80186. 


READ + RESET 
WRITE + RESET 


ZRD 
ZWR = 


DTR/REQ Removal 


There are two solutions to the DTR/REQ removal prob- 
lem. One solution uses a Separate Peripheral Chip Se- 
lect for transfers associated withthe request. The other 
solution requires delayed write and S6 (A19) of the 
80186, which indicates whether the current bus cycle is 
DMA or processor. Write must be delayed, since S6 is 
not guaranteed valid at its leading edge. Write will be 
combined with one of these inputs to clear the request. 
DTR/REQ only supports transmit data, consequently, 
read is irrelevant. 


11 T2 T3 T4 


zZS0 = RESET + (ZSO * /INTAO + 2S0 * 
ZINTACK + INTAQ * ZINTACK) 
ZINTACK = /RESET * (/ZS0 * /INTAO + /2S0 
* ZINTACK + INTAO * ZINTACK) 
ZRD =  ZINTACK * INTAO 
T1 T2 T3 T4 
CLKOUT 
INTAO 
ZSO 
ZINTACK 
ZRD 
RESET 
READ 
WRITE 
ZRD 
ZWR 


ei 0 A fe Wa es SE 
ee a 
ae a) (a 
ON i i 
——————— - 
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It is not necessary to decode A/B to determine which 
channel of the 8530 is being accessed. If DTR/REQ is 
used, then that channel is full-duplex, expending both 
80186 DMA request inputs; the other channel cannot be 
supported. If the channel is half-duplex, then W/REQ 
would be utilized because it goes both ways. 


The following solution uses delayed write and S6. Witha 
separate chip select, merely substitute it for S6 and use 
the normal write (not that the delayed write is abnormal). 
This circuit could also be implemented using a standard 
flip-flop, but it can easily be realized with two cells in the 
PAL device. 


Define CLEAR as the logical AND of the 8530's chip se- 
lect, delayed write, and S6. Assume PCSO from the 
processor is the chip select. DRQ1 is the DMA request 
to the 80186. DSO is the output of the second cell. All sig- 
nals are active low, with the exception of RESET. RE- 
SET initializes the two cells to their correct state. 


DSO = DSO * DRQ1 + /DTR_REQ * DRQ1 + 
RESET 
DRQ1 = /DSO * DRQ1 + CLEAR * /DSO + 


/DSO * /DTR_REQ 


+ DRQI * 
/DTR_REQ + RESET 


DTRYREQ 


CLEAR 
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COMPLETE SOLUTIONS 


Am8s5C30 Enhanced Mode 


If using the Am85C30 in enhanced mode without hard- 
ware interrupt vector transfer, the 80186 interface is triv- 
ial. The interrupt and DMA request lines. must be 
inverted, for which 1/2 of a 74F04 is adequate. It is as- 
sumed that a data buffer is not placed between the 
Am85C30 and the 80186, otherwise, WRITE must be 
delayed. RESET is performed in software and the clock 
rate is 10 MHz. 


0 eee 
—— =--— 


DRQ1 . | ; | 
DSO | | 
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DTR/REQ Removal 
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Am85C30/80186 Schematic 
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T1 T2 — T3 T4 
CLKOUT TCLCL | 
KY / 
Eee Nerd exes 
ADO-AD15 : 
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= 
TsDW (WR) 


PCSO | 
ie, 
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Am8530H Write Cycle Timing Diagram 
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Am85C30 Read Cycle Timing Diagram 





2-88 


Interfacing the AmM8530H and Am85C30 to the 80186 AMD cl 


Write Cycle Timing Am85C30 is 120 ns.The Am85C30 required addres 
The Am85C30 required address setup time is 50 ns. setup time is 50 ns. | 





Tsa(wR) =  Tetci— Tctav — TF373 + Tevetv Tovet Z Uae - ; Cay TarpaoR) 
= 100-44-8+5 > 40 hes 
=  53ns %, aS 


Data to the Am85C30 must be valid within 35 ns of Address setup for READ is the same as WRITE, 50 ns. . 


WRITE being active. TsA(RD) == ToLcL — TcLav— F373 + TCLAL 
Tawrarow) .=  Teipv(max) ~ Tevetv(min) eo 00 Aa ee 
5) Moe | = 58ns 
=  35ns sai 
DMA Timing 


WRITE is to be active for a minimum of 125 ns. To prevent a false DMA cycle, the request must be de- 


= asserted two clock periods prior to the end of the current 
aad ead phgiem bus cycle. The required setup time for DRQ into the 
149 80186 is 20 ns. With one wait state, the specification is 
ns missed by 2 ns, therefore, two wait states are required. 


Twwarl 


The access recovery time of three clocks is easily 


satistied. TINVCL = 3 Tcict — Tevety — Tawrr(EREQ) — 
TFo4 
Read Cycle Timing : ae ao — 120-6 
Data must be valid at the 80186 15 ns prior to the begin- — a 
ning of state T4. Data valid from READ active for the 
. aa 771 T2 T3 TW TW T4 
\Y_/ 
ADO-AD15 
TdWRr (EREQ) 
W/REQ or a ee 
DTFVREQ 
DRQO TINVCL 
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Am85C30 DMA Cycle Timing Diagram 
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Am8530H 


This analysis applies to the 8.192 MHz Am8530H, but 
the design works with the Am85C30 as well. All of the . 
solutions in the “SOLUTIONS” section are utilized to 
provide a complete interface. Included are hardware in- 
terrupt acknowledge cycles, full DMA support with re- 
moval of DTR/REQ, hardware reset, and delayed reads 
and writes. 


Write Cycle Timing 
The required address setup time for the 8.192-MHz 
Am8530H is 70 ns. 


TsA(WR) = Teter + TctcH — TF373 — TcLav 
= 125+565-8-55 
= 118.5ns 
T1 T2 
CLKOUT TCLCL J __.\ ; 
Noe 
ADO-AD15 
= am 
PCSO 
WRITE (186) 
DEL_WR 


AMD al 


Data has to be valid 10 ns before the falling edge of 
WRITE to the Am8530H. 


TcLcH — Tcipv 
56.5 — 44 
12.5 ns 


WRITE must be low for 150 ns. 


TsDW(W) = 


Teict + TcLcH — Tpp + Tevctx 
181.5-154+5 
171.5 ns 


TwwrR 


Four clock edges occur between leading command 
edges. This satisfies the access recovery time. 


| T3 4 


TsDW (WR) 


eeieaey, 


TwWRIi 
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Am8530H Write Cycle Timing Diagram 
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Read Cycle Timing 


Data must be valid at the 80186 20 ns prior to the begin- 
ning of state T4. Data valid from READ active for the 
Am8530H is 140 ns. 


TDVCL 


TetcL + TcLCH — TPD — TdRDKDR) 
181.5-15-140 
26.5 ns 


The required address setup time for the 8.192 MHz 
Am8530H is 70 ns. 


Tsa(RD) =  Tetct + TcLcH — TF373 — TcLAV 
= 181.5-8-55_ 
= 118.5ns _ 

DMA Timing 


To prevent a false DMA cycle, the request must be de- 
asserted two clock periods prior to the end of the current 
bus cycle. The required setup time for DRQ into the 
80186 is 25 ns. 


2 


v1 T 
Aria ER 
(a 


W/REQ 
TINVCL = 2Tctct+TctcH— Tpp— TawarRea)— TPD 
= 3065-15-170-15 
= 106.5ns 
CLKOUT 
ADO-AD15 
PCSO 
READ (186) 
DEL_RD 
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DTR/REQ 

Tinvel =.= 2 Tetct + TcLcH— 2Tpep 
= 306.5-30 
= 2765ns 


Thus, two wait states are necessary to meet the W/IREQ 
timing. 


Interrupt Acknowledge Cycle Timing 
Interrupt acknowledge to the Am8530H is to be valid 
150 ns prior to READ becoming active. ZINTACK is 
guaranteed to be recognized by the Am8530H at the 
middle of the first idle state between the interrupt ac- 
knowledge pulses. 


= Tctc. + TCLCH + Tevctv 
= 181.5410. 
= 191.5ns 


Tatai(RD) 


There is not enough delay between ZINTACK and 
DEL_RD to allow daisy-chained interrupts. Equations 
are given in the following “Am8530H INTERFACE PAL 
EQUATIONS’ section to assert ZINTACK at the begin- 
ning of the first INTAO cycle. 


The interrupt vector must be valid 25 ns prior to T4. 


Tpvct 3 TcicL —- Tevetv — Ted — TaRDA(DR) 
375 —- 70 -15-140 


150 ns 


. 13 T4 


TdRDf (DR) 


TPD 
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Am8530H Read Cycle Timing Diagram 
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WRITE (186) 
DEL_WR ee 
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oo ee 
12482B-013A 
Am8530H DMA Cycle Timing Diagram 
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Am8530H Interrupt Acknowledge Timing Diagram 
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Am8530H INTERFACE PAL EQUATIONS | 
Note: Do not minimize these equations. 
Device Am8530H (P16L8) 





PIN 
RESET =1 (INPUT COMBINATORIAL) 
/READ = 2 (INPUT COMBINATORIAL) 
/WRITE = 3 (INPUT COMBINATORIAL) 
CLKOUT = 4 (INPUT COMBINATORIAL) 
/INTAO = 5 (INPUT COMBINATORIAL) 
/DTR_REQ = 6 (INPUT COMBINATORIAL) 
/WREQ = 7 (INPUT COMBINATORIAL) 
/ZINT = 8 (INPUT COMBINATORIAL) 
A1l9~ = 9 (INPUT COMBINATORIAL) 
/ INTO Se (OUTPUT ACTIVE_LOW COMBINATORIAL) 
/DSO = 13 (OUTPUT ACTIVE _LOW COMBINATORIAL) 
/ZS0 = 14 (OUTPUT ACTIVE_LOW COMBINATORIAL) 
/ZINTACK = 15 (OUTPUT ACTIVE _LOW COMBINATORIAL) 
/DEL_RD = 16 (OUTPUT ACTIVE_LOW COMBINATORIAL) 
/DEL_WR = 7 (OUTPUT ACTIVE LOW COMBINATORIAL) 
/DRQ1 = 18 (OUTPUT ACTIVE _LOW COMBINATORIAL) 
/DRQO = 19 (OUTPUT ACTIVE_LOW COMBINATORIAL) ; 
BEGIN 
ENABLE (INTO, 280, ZINTACK, DEL_RD, DEL_WR, DRQ1, DRQO); 
zS0 = RESET + (ZSO * /INTAO + ZSOQ * ZINTACK + INTAO * ZINTACK); 
ZINTACK = /RESET * (/ZSO * /INTAQ + /ZSO * ZINTACK + INTAO * ZINTACK) ; 
DRQ1 = /DSO * DRQ] + A19 * DEL _WR * /DSO +-/DS0 * /DTR_REQ + DRQ1 * /DTR_REQ + RESET; 
DSO = DSO * DRQ] + /DTR_REQ * DRQ1 + RESET; 
DRQO = /WREQ; . 
INTO = /ZINT; 
DEL_WR = WRITE * DEL WR + CLKOUT * WRITE + RESET; 
DEL_RD = READ * DEL _RD + CLKOUT * READ + ZINTACK * INTAO + RESET; 
END. 
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To support a daisy-chained interrupt structure, an extra S0.!. + = (SO*S1 + /INTAO*S1 + 
output is required. This precludes using a 16L8 to imple- INTA0*S0) */RESET; 
ment the complete interface. A 22V10 could easily be 
utilized. The following equations would generate ZIN- $1 = (/S0*S1 + /INTAO*S1 + 
TACK beginning at the start of the first INTAO pulse. All INTA0*/S0) */RESET; 
signals are combinatorial active low. WGA <Sboe eis 
DEL RD = READ * DEL RD + CLKOUT * READ 
+ SQ * INTAO + RESET; 
rs T2 T3 T4 Tl Ti T1 T2 T3 T4 
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Daisy-Chained Interrupt Acknowledge Sequence 
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Ll AMD Combination SCSI/SCC Controller 


| PRELIMINARY a 


Am8s5C80 


Combined SCSI Controller and Serial 
Communications Controller 


DISTINCTIVE CHARACTERISTICS 


mM The Am85C80 is an Enhanced Serial Communi- 
cations Controller (ESCC) and Small Computer 
Systems Interface (SCSI) Controller 


— This chip replaces both the 85C30 Serial Com- 
munications Controller (SCC) and the 53C80 
SCS! Controller in functionality, while combining 
the two chips into a single package 

- The sleep mode feature consumes very little 
power; this feature may be used in notebook 
computer and other battery operated portable 
systems 


ESCC 
m@ Fast Data Rate 
- 8.192 MHz/2.048 Mb/s 
— 16.384 MHz/4.096 Mb/s 
m@ Low Power CMOS Technology 
fm Easily interfaced with most CPUs 
— Compatible with non-multiplexed bus 
mM Two Independent Full-duplex Serial Channels 
m Asynchronous Mode Features 
— Programmable stop bits, clock divider, character 
length and parity 
— Break detection/divider 
— Error detection for framing, overrun and parity 
m Synchronous Mode Features 
- Supports IBM BISYNC, SDLC, SDLC Loop, 
HDLC and ADCCP Protocols 
~ Programmable CRC generators and checkers 
~ SDLC/HDLC support includes frame control, 
zero insertion and deletion, abort, and 
residue handling 
— €xternal sync mode is supported on Channel A 
only 


Publication # 12582 Rev. © Amendment /0 


issue Date: November 1991 


Advanced 
Micro 
Devices 


@ Enhanced ESCC functions support high-speed 
frame reception using DMA 


— 14-bit frame byte counter 
- 10x19 SDLC/HDLC Frame Status FIFO 
— Independent Control on both channels 


— Enhanced operation does not allow special 
receive conditions to lock the three-byte DATA 
FIFO when the 10 x 19 FIFO is enabled 


@ Local Loopback and Auto Echo Modes 
Internal or External Character Synchronization 


mM 2 Mb/s FM Encoding Transmit and Receive 
capability using Internal DPLL for 16.384 MHz 
product 


@ Internal Synchronization between RxC to PCLK 
and TxC to PCLK 


- This allows the user to eliminate external 
sychronization hardware required by the NUOS 
device when transmitting or receiving data at the 
maximum rate of 1/4 PCLK frequency 


SCSI Interface | 
Mm Asynchronous interface to 1.5 megabytes per 
second 


Supports Initiator and Target roles 

Parity generation with optional checking 
Supports Arbitration 

Direct control of all bus signals 

High-current outputs drive SCSI Bus directly 


Implements Glitch Eater circuitry that filters 
glitches upto 30 ns on the SCSI Bus 


CPU Interface Supports 

- Memory or I/O-mapped interface 
DMA or programmed I/O 
Normal or Block mode DMA 
Optional CPU interrupts 
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GENERAL DESCRIPTION 


The Am85C80 is an Enhanced Serial Communications 
Controller and SCSi Interface Controller. The chip re- 
places both Am85C30 and Am53C80 in functionality, 
while combining the two chips into a single package. 


ESCC 


The Enhanced Serial Communications Controller 
(ESCC) is a high-speed, low-power, multi-protocol com- 
munications peripheral designed for use with 8- and 
16-bit microprocessors. It has two independent, full du- 
plex channels and functions as a Serial-to-parallel, paral- 
lel-to-serial converter/controller. AMD’s proprietary en- 
hancements make the ESCC easier to interface and 
more effective in high-speed applications by reducing 
software overhead and eliminating the need for some ex- 
ternal glue logic. 


The ESCC is easy to use due to a variety of sophisticated 
internal functions, including on-chip baud rate genera- 
tors, digital phase-locked loops and crystal oscillators 
which dramatically reduce the need for external logic. 
The device can generate and check CRC codes in any 
SYNC mode, and can be programmed to check data in- 
tegrity in various modes. The ESCC also has facilities for 
modem controls in both channels. In applications where 
these controls are not needed, the modem controls can 
be used for general-purpose I/O. 


This versatile device supports virtually any serial data 
transfer application such as laser beam printers, net- 
works, modems, cassettes and tape drives. The ESCC is 
designed for non-multiplexed buses and is easily inter- 


faced with most CPUs, such as 80188, 80186, 80286, | 


8080, Z80, 6800, 68000 and MULTIBUS. 


Enhancements which allow the ESCC to be used more 
effectively in high-speed applications include: 

@ a 10x 19 bit SDLC/HDLC frame status FIFO array 
@ a 14-bit SDLC/HDLC frame byte counter 


@ automatic SDLC/HDLC opening frame flag 
transmission 

@ TxD pin forced High in SDLC NRZI mode after 
closing flag 


@ automatic SDLC/HDLC Tx underrun/EOM flag reset: 


H automatic SDLC/HDLC Tx CRC generator 
reset/preset 


AMD ra | 


@ RTS synchronization to closing SDLC/HDLC flag 
DTR/REQ deactivation delay significantly reduced 


W external PCLK to RxC or TxC synchronization 
requirement eliminated for PCLK divide-by-four 
operation 


@ 16 MHz operation 


- Other enhancements to improve the ESCC interface ca- 


pabilities include: 

@ write data valid setup time to falling edge of WR 
requirement eliminated 

reduced INT response time 


@ reduced access recovery time (trc) to 3 PCLK best 
case (3 1/2 PCLK worst case) 


Hi improved Wait timing 

@ write registers WR3, WR4, WR5, and WR10 made 
readable oO 

@ lower priority interrupt masking without INTACK 

™ complete SDLC/HDLC CRC character reception 

i Sleep mode feature saves all ESCC registers 


SCSI 


The Small Computer Systems Interface (SCSI) Interface 
Controller is a CMOS device designed to accommodate 


the SCSI as defined by the ANSI X3T9.2 committee. The 


Am85C80 operates in both the Initiator and Target roles 
and can, therefore, be used in host adaptor, host port, 
disk drive, and formatter designs. This device supports 
Arbitration, including Reselection. Special high-current 
open-collector output drivers, capable of sinking 48 mA 
at 0.5 V, allow for direct connection to the SCSI Bus. 


The Am85C80 communicates with the system micropro- 
cessor as a peripheral device. The chip is controlled by 
reading and writing several internal registers which may 
be addressed as standard or memory-mapped I/O. Mini- 
mal processor intervention is required for DMA transfers 
because the Am85C80 controls the necessary hand- 
shake signals. The Am85C80 interrupts the CPU whenit 
detects a bus condition that requires attention. Normal 
and Block mode DMA is provided to match many popular 
DMA controllers. 
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CONNECTION DIAGRAM 
Top View 





Note: 12582C-097A 
Pin 1 is marked for orientation. 
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CONNECTION DIAGRAM 
Detailed Internal 
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PCLK co [> WREGB 
INT <9 [> DTRREOB 
INTACK Co [> ATSB 
VDD 
GND © <1 DCDB 
<> DBO 
<> DBT 
<> DB2e 
<> DBS 
<> DBS 
<> DBS 
= DBE 
<> DB/ 
<> DEP 
<=> BSY 
<> SEL 
<> RST 
Cee © <> AIN 
Ao & <> ACK 
A; C _ REQ 
A <> MSG 
IRQ SI <> CID 
RESET RESET <> 1/0 
EOP READY DRQ DACK 
EOP 
DRQ <& 
DACK [> 
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ORDERING INFORMATION 
Commodity Products 





AMD commodity products are available in several packages and operating ranges. The ordering number 
(Valid Combination) is formed by a combination of: 


Am85C80 J 


| OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in — 

TEMPERATURE RANGE 

C = Commercial (0 to +70°C) 


PACKAGE TYPE 
J = 68-Pin Plastic Leaded Chip Carrier (PL 068) 


SPEED OPTION 


-8 = 8.192 MHz 
-16= 16.384 MHz 





DEVICE NUMBER/DESCRIPTION 
Am85C80 

Enhanced Serial Communications 
and SCSI Controller 


: Valid Combinations 
Valid Combinations : are : : . 
Valid Combinations list configurations planned to 


x be supported in volume for this device. Consult 
eae the local AMD sales office to confirm availability of 
specific valid combinations and to check on newly 


released combinations. 
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PIN DESCRIPTION 


ESCC 
RTxCA, RTxCB 
Receive/Transmit Clocks (Inputs; Active Low) 


These pins can be programmed in several different 
modes of operation. In each channel, RTxC may supply 
the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase- 
locked loop. RIxCA can also be programmed for use 
with the SYNCA pin as a crystal oscillator. The receive 
clock may be 1, 16, 32, or 64 times the data rate in asyn- 
chronous modes. 


TRxCA, TRxCB 
Transmit/Receive Clocks 
(Inputs/Outputs; Active Low) 


These pins can be_programmed in several different 
modes of operation. TRxC may supply the receive clock 
or the transmit clock in the input mode or supply the out- 
put of the digital phase-locked loop, the crystal oscillator, 
the baud rate generator, or the transmit clock in the out- 
put mode. 


Channel Controls for Modem, DMA, 
or Other 


DCDA, DCDB 
Data Carrier Detect (Inputs; Active Low) 


These pins function as receiver enables if they are pro- 
grammed as Auto Enables; otherwise, they may be used 
as general-purpose input pins. Both are Schmitt-trigger 
buffered to accommodate slow rise-time signals. The 
ESCC detects pulses on these pins and may interruptthe 
CPU on both logic level transitions. 


DTR/REQA, DTR/REQB 
Data Terminal Ready/Request 
(Outputs; Active Low) 


These outputs follow the inverted state programmed into 
the DTR bit in WR5. They can also be used as 
general-purpose outputs or as Request Lines fora DMA 
controller. 


RTSA, RTSB 
Request to Send (Outputs; Active Low) 


When the Request to Send RTS bit in Write Register 5 is 
set, the RTS signal goes Low. When the RTS bit is reset 
in the asynchronous mode and Auto Enable is on, the 
signal goes High after the transmitter is empty. In SYNC 
mode or in asynchronous mode with Auto Enable off, the 
RTS pins strictly follow the inverted state of the RTS bit. 
Both pins can be used as general-purpose outputs. 
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SYNCA 
Synchronization (Input/Output; Active Low) 


This pin can act either as input, output, or part of the crys- 
tal oscillator circuit. In the Asynchronous Receive mode 
(crystal oscillator option not selected), this pin is input 
similarto DCD. Inthis mode, transitions on this line affect 
the state of the Sync/Hunt status bits in Read Register 0 
but have no other function. 


In External Synchronization mode with the crystal oscil- 
lator not selected, this line also acts as an input. In this 
mode, SYNCA must be driven Low two receive clock 
cycles after the last bit inthe SYNC character is received. 
Character assembly begins on the rising edge of the 
receive clock immediately preceding the activation of 
SYNCA. 


In the Internal Synchronization mode (Monosync and 
Bisync) with the crystal oscillator not selected, this pin 
acts as an output and is active only during the part of the 
receive clock cycle in which SYNC characters are 
recognized. The SYNC condition is not latched, so this 
output is active each time a SYNC pattern is recognized 
(regardless of character boundaries). In SDLC mode, 
this pin acts as an output and is valid on receipt of a flag. 


W/REQA, W/REQB 

Wait/Request (Outputs; Open drain when 
programmed for a Wait function, driven High or 
Low when programmed for a Request function) 





‘These dual-purpose outputs may be programmed as 


Request lines for a DMA controller or as Wait lines to 
synchronize the CPU to the ESCC data rate. The reset 
state is Wait. 


Control 
AIB 
Channel A/Channe! B Select (Input) 


This signal selects the channel in which the read or write 
operation occurs. 


CET 

Chip Enable (Input; Active Low) 

This signal selects the ESCC for a read or write 
operation. 

D/C 

Data/Control Select (Input) 


This signal defines the type of information transferred to 
or from the ESCC. A High means data is transferred; a 
Low indicates a command is transferred. 
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PIN DESCRIPTION eontoned) 
Interrupt 


INT 
interrupt Request (Output; Active Low, 
Open Drain) 


This signal is activated when the ESCC requests an 
interrupt. 


INTACK 

Interrupt Acknowledge (Input; Active Low) 

This signal indicates an active interrupt acknowledge cy- 
cle. When RD becomes active, the ESCC places an in- 
terrupt vector on the data bus. INTACK is latched by the 
rising edge of PCLK. 


Serial Data 


RxDa, RxDB 
Receive Data (Inputs; Active High) . 


These input signals receive serial data at standard TTL 
levels. 
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TxDA, TxDB 
Transmit Data (Outputs; Active High) 


These output signals transmit serial data at standard 
TTL levels. 


Miscellaneous 


GND 
Ground 
VDD | 
+5 Volts 


PCLK © 
Clock (Input) 


This is the master ESCC clock used to synchronize inter- 
nal signals. PCLK is not required to have any phase rela- 
tionship with the master system clock. PCLK is a TTL- 
level signal. Maximum transmit rate is 1/4 PCLK. 
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PIN DESCRIPTION (Continued) 
SCSI 
Microprocessor Interface Signals 


Ao—A2 

Address Lines (Input) 
These signals are used with C 
all internal registers. 


CE2 
Chip Enable (Input, Active Low) 


CE2 enables a read or write of the SCSI controller inter- 
nal register selected by Ao—Az. 


DACK 
DMA Acknowledge (input, Active Low) 


DACK resets DRQ and selects the data register for input 
or output data transfers. 


DRQ 
DMA Request (Output) 


DRQ indicates that the data register is ready to be read 
or written. DRQ occurs only if DMA mode is TRUE in the 
Command Register. DRQ is cleared by DACK. 


EOP 
End of Process (Input, Active Low) 


- EOPis used to terminate a DMA transfer. If asserted dur- 


_ RD or WR to address 


inga DMA cycle, the current byte will be transferred, but. 


no additional bytes will be requested. 


iRQ 
Interrupt Request (Output) 


IRQ alerts a microprocessor of an error condition or an 
event completion. 


RESET 
' Reset (Input, Active Low) 


RESET clears allthe SCSI controller registers. It does not 
force the SCSI RST signal to the active state. 


SCSI Interface Signals 

The following signals are all bidirectional, active-Low, 
open-collector signals. With 48-mA sink capability, all 
pins interface directly with the SCS! Bus. 


ACK 
Acknowledge (Input/Output; Open Collector, 
Active Low) 


Driven by an Initiator, ACK indicates an acknowledg- 
ment for a REQ/ACK data-transfer handshake. In the 
Target role, ACK is received as a response to the REQ 
signal. 


ATN 
Attention (Input/Output; Open Collector, 
Active Low) 


Driven by an Initiator, ATN indicates an Attention condi- 
tion. This signal is received in the Target role. 
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BSY 
Busy (Input/Output; Open Collector, Active Low) 


This signal indicates that the SCS! Bus is being used and 
canbe driven by both the Initiator and the Target device. 


Cc/D 
Control/Data (Input/Output; Open Collector, 
Active Low) 


A signal driven by the Target, C/D indicates Control or 
Data information is on the Data Bus. This signal is re- 
ceived by the Initiator. 


ie) 
Input/Output (Input/Output; Open Collector, 
Active Low) 


/O is a signal driven by a Target which controls the direc- 
tion of data movement onthe SCSI Bus. TRUE indicates 
input to the intitiator. This signal is also used to distin- 
guish between Selection and Reselection phases. 


MSG 
Message (Input/Output; Open Collector, Active Low) 


MSG is a signal driven by the Target during the Message 
phase. This signal is received by the Initiator. 


REQ 
Request (Input/Output; Open Collector: Active Low) 


Driven by a Target, REQ indicates a request for a REQ/ 
ACK data-transfer handshake. This signal is received by 
the Initiator. 


. RST 


SCSI Bus RESET (Input/Output; Open Collector, 
Active Low) 


The RST Signal indicates an SCSI Bus RESET condition. 
An internal 30 A pull up transistor is built-in to prevent 
spurious interrupts. 


DBs-DB 7, DBP 
Data Bits, Parity Bit (Input/Output; Open Collector, 
Active Low) 


These eight data bits (DBo-DB 7), plus a parity bit (DBP) 
form the Data Bus. DB7 is the most significant bit (MSB) 
and has the highest priority during the Arbitration phase. 
Data parity is odd. Parity is always generated and option- 
ally checked. Parity is not valid during Arbitration. 


SEL 
Select (Input/Output; Open Collector, Active Low) 


SEL is used by an Initiator to select a Target, or by a Tar- 
get to reselect an Initiator. 
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PIN DESCRIPTION (continued) 

Common CPU Interface Signals 

RD 

Read (Input; Active Low) . 

This signal indicates a read operation and when 
' Am85C80 is selected, enables the Data Bus Drivers. 
During the interrupt acknowledge cycle for ESCC, this 
signal gates the interrupt vector onto the bus if the ESCC 
is the highest priority device requesting an interrupt. It 
also selects the SCSI input data register when used with 
DACK. ; 
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WR 

Write (Input; Active Low) 

When Am85C80 is selected, along with either CET or 
CE2, this signal indicates a write operation. The coinci- 
dence of RD and WRis interpreted as a reset for ESCC. It 
also selects the SCSI output data register when used 
with DACK. 


Do-D7 
Data (Input/Output; Active High) 


Common data lines for ESCC and SCSI. These lines 
transfer data into and out of the Am85C80. 
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SCSI FUNCTIONAL DESCRIPTION 


General 


The Small Computer Systems Interface (SCSI) device 
appears as a set of eight registers to the controlling CPU. 
By reading and writing the appropriate registers, the 
CPU may initiate any SCS! Bus activity or may sample 
and assert any signal on the SCSI Bus. This allows the 
user to implement all or portions of the SCSI protocol in 
software. These registers are read (written) by activating 
CE2 with an address on Ao—Ae and then issuing an RD 
(WR) pulse. This section describes the operation of the 
internal registers. 


Table 1. Register Summary 








Register Name 
Current SCSI Data 

Output Data 

Initiator Command 

Mode , 

Target Command 

Current SCSI Bus Status 
Select Enable 

Bus and Status 

Start DMA Send 

Input Data 

Start DMA Target Receive 
Reset Parity/Interrupts 
Start DMA Initiator Receive 















ee Oe > > 


=- 4364 O0C0O0O=- 00 
”“~=-002++_/00+-0+00 





Data Registers 
The data registers are used to transfer SCSI commands, 


data, status, and message bytes between the micropro- — 


cessor Data Bus and the SCSI Bus. The Am85C80 does 
not interpret any information that passes through the 
data registers. The data registers consist of the trans- 
parent Current SCSI Data Register, the Output Data 
Register, and the Input Data Register. User note: a one 
in a_register means the pin is Low. For example, when 
the ATN Pin is Low, ATN in the bus and status register 
will be High. 


Current SCSI Data Register—Address 0 
(Read Only) 


The Current SCSI Data Register is a read-only register 
that allows the microprocessor to read the active SCSI 
Data Bus. This is accomplished by activating CE2 with an 
address on Az~—Ao of 000 and issuing an RD pulse. If par- 
ity checking is enabled, the SCSI Bus parity is checked at 
the beginning of the read cycle. This register is used dur- 
ing a programmed I/O data read or during Arbitration to 
check for higher priority arbitrating devices. Parity is not 
guaranteed valid during Arbitration. 
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6 5 4 3 2 1 
DB7 DBs DBs DB4a DB3 DB2 DB1 DBo 


12582C-099A 
Figure 1. Current SCSI Data Register 


Output Data Register—Address 0 (Write Only) 


The Output Data Register is a write-only register that is 
used to send data to the SCS! Bus. This is accomplished 
by either using a normal CPU write, or under DMA con- 
trol, by using WR and DACK. This register is also used to 
assert the proper ID bits or the SCSI Bus during the Arbi- 
tration and Selection phases. 





DB7 DBs DBs5 DB4a DB3 DB2 DB1 DBo 
12582C-005A 


Figure 2. Output Data Register 


Input Data Register—Address 6 (Read Only) 

The Input Data Register is a read-only register that is 
used to read latched data from the SCSI Bus. Data is 
latched either during a DMA Target receive operation 
when ACK goes active or during a DMA Initiator receive 
when REQ goes active. The DMA Mode bit (port 2, bit 1) 
must be set before data can be latched in the Input Data 
Register. This register may be read under DMA control 
using RD and DACK. Parity is optionally checked when 
the Input Data Register is loaded. 


6 5 4 3 2 1 
DB7 DB6 DBs DB4 DB3 DB2 DBi DBo 


12582C-—O06A 
Figure 3. Input Data Register 
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Initiator Command Register—Address 1 
(Read/Write) 


The Initiator Command Register is a read/write register 
that is used to assert certain SCSI Bus signals, to moni- 
torthose signals, and to monitor the progress of bus arbi- 
tration. Many of these bits are significant only when be- 
ing used as Initiators; however, most can be used during 
Target role operation. 


Assert AIP LA Assert Assert Assert Assert Assert 
RST ACK BSY SEL AIN Data 
Bus 
12582C-007A 


Figure 4-1. Initiator Command Register—Register Read 


Assert Test Diff Assert Assert Assert Assert Assert 
RST Mode Enbl ACK SY SEL AIN pata 
us 


12582C-008A 
Figure 4-2. Initiator Command Register—Register Write 


The following describes the operation of ail bits in the 
Initiator Command Register. 


Bit 7—Assert RST 


Whenever a one is written to bit 7 of the Initiator Com- 
mand Register, the RST signal is asserted on the SCSI 
Bus. The RST signa! will remain asserted until this bit is 
reset or until an external RESET occurs. After this bit is 
set (1), IRQ goes active and all internal logic and control 
registers are reset (except for the interrupt latch and the 
Assert RST bit). Writing a zero to bit 7 of the Initiator 


Command Register de-asserts the RST signal. Reading 


this register simply reflects the status of this bit. 
Bit 6—AIP (Arbitration in Progress) (Read Bit) 


This bit is used to determine if Arbitration is in progress. 
For this bit to be active, the Arbitrate bit (port 2, bit 0) 
must have been set previously. It indicates that a Bus- 
Free condition has been detected and that the chip has 
asserted BSY andthe contents of the Output Data Regis- 
ter (port 0) onto the SCSI Bus. AIP will remain active until 
the Arbitrate bit is reset. 


Bit 6—Test Mode (Write Bit) 


This bit may be written during a test environment to 
disable all output drivers, effectively removing the 
Am85C80 from the circuit. Resetting this bit returns the 
part to normal operation. 


Bit 5—LA (Lost Arbitration) (Read Bit) 


This bit, when active, indicates that the Am85C80 de- 
tected a Bus-Free condition, arbitrated for use of the bus 
by asserting BSY andits ID on the Data Bus, and lost Ar- 
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bitration due to SEL being asserted by another bus de- 
vice. For this bit to be active, the Arbitrate bit (port 2, bit 0) 
must be active. 


Bit 5—Diff Enbl (Differential Enable) (Write Bit) 


This bit should be written with a zero for proper 
operation. . 


Bit 4—Assert ACK 


This bit is used by the bus initiator to assert ACK on the 
SCSI Bus. In order to assert ACK, the Targetmode bit 
(port.2, bit 6) must be False. Writing a zero to this bit re- 
sets ACK on the SCSI Bus. Reading this register simply 
reflects the status of this bit. 


Bit 3—Assert BSY 


Writing a one (1) into this bit position asserts BSY onto 
the SCSI Bus. Conversely, a zero resets the BSY signal. 
Asserting BSY indicates a successful selection or 
reselection and resetting this bit creates a Bus-Discon- 
nect condition. Reading this register simply reflects the 
Status of this bit. 


Bit 2—Assert SEL 


Writing a one (1) into this bit position asserts SEL onto 
the SCSI Bus. SEL is normally asserted after Arbitra- 
tion has been successfully completed. SEL may be de- 
asserted by resetting this bit to a zero. A read of this 
register simply reflects the status of this bit. 


Bit 1—Assert ATN 


_ ATN may be asserted on the SCS! Bus by setting this bit 


to. a one (1) if the Targetmode bit (port 2, bit 6) is False. 
ATN is normally asserted by the initiator to request a 
Message Out bus phase. Note that since Assert SEL and 
Assert ATN are in the same register, a select with AIN 
may be implemented with one CPU write. ATN may be 
de-asserted by resetting this bit to zero. A read of this 
register simply reflects the status of this bit. 


Bit O—Assert Data Bus 


The Assert Data Bus bit, when set, allows the contents of 
the Output Data Register to be enabled as chip outputs 
on the signals DBo-DBv. Parity is also generated and 


‘ asserted on DBP. 


When connected as an initiator, the outputs are only 
enabled if the Targetmode bit (port 2, bit 6) is False, the 
received signal I/O is False, and the phase signals (C/D, 
VO, and d MSG) match the contents of the Assert CiD, 
Assert 0, and Assert MSG in the Target Command 
Register. 


This bit should also be set during DMA send operations. 


Mode Register—Address 2 (Read/Write) 


The Mode Register is used to control the operation of the 
chip. This register determines whether the Am85C80 op- 
erates as an Initiator or a Target, whether DMA transfers 
are being used, whether parity is checked, and whether 
interrupts are generated on various external conditions. 
This register may be read to check the value of these 
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internal control bits. Figure 5 describes the operation of 
these control bits. 


7 6 5 4 3 2 1 0 
Block Target Enbl Enbl Enbi Monitor DMA Arbi- 
Mode Mode aL Parity EOP Busy Mode trate 
DMA Check- Inter-  Inter- 

Ing mupt-Tupt 12582C-O009A 


Figure 5. Mode Register 


Bit 7—Block Mode DMA 


The Block Mode DMA bit controls the characteristics of 
the DMA DRQ-DACK handshake. When this bit is reset 
(0) and the DMA Mode bit is active (1), the DMA hand- 
shake uses the normal interlocked handshake, and the 
rising edge of DACK indicates the end of each byte being 
transferred. In block mode operations, Block Mode DMA 
bit set (1), and DMA Mode bit set (1), the endof RD or WR 
signifies the end of each byte transferred and DACK is al- 
lowed to remain active throughout the DMA operation. 
Ready can then be used to request the next transfer. 


Bit 6—Target Mode 


The Targetmode bit allows the Am85C80 to operate as 
either an SCSI Bus Initiator, bit reset (0), or as an SCSI 
Bus Target device, bit set (1). Inorder forthe signals ATN 
and ACK to be asserted on the SCSI Bus, the Target- 
mode bit must be reset (0). In order for the signals C/D, 
1/6, MSG, and REQ to be asserted on the SCSI Bus, the 
Targetmode bit must be set (1). 


Bit 5—Enable Parity Checking 


The Enable Parity Checking bit determines whether par- 
ity errors will be ignored or saved in the parity error latch. 
If this bit is reset (0), parity will be ignored. Conversely, if 
this bit is set (1), parity errors will be saved. 


Bit 4—ENABLE PARITY INTERRUPT 


The Enable Parity Interrupt bit, when set (1), will cause 
an interrupt (IRQ) to occur if a parity error is detected. A 
parity interrupt will only be generated if the Enable Parity 
Checking bit (bit 5) is also enabled (1). 


Bit 3—Enable EOP Interrupt 








The Enable EOP Interrupt bit, when set (1), Causes an in- 
terrupt to occur when the EOP (End of Process) signal is 
received from the DMA controller logic. 


Bit 2—Monitor Busy 


The Monitor Busy bit, when True (1), causes an interrupt 
tobe generated for an unexpected loss of E BSY. When the 
interrupt is generated due to loss of BSY, the lower six 
bits of the Initiator Command Register are reset (0) and 
all signals are removed from the SCSI Bus. 


Bit 1—DMA Mode 


The DMA Mode bit is normally used to enable a DMA 
transfer and must be set (1) prior to writing ports 5 


through 7. Ports 5 through 7 are used to start DMA trans- - 


fers. The Targetmode bit (port 2, bit 6) must be consis- 
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tent with writes to port 6 and 7 [i.e., set (1) for a write to 
port 6 and reset (0) for a write to port 7]. The control bit 
Assert Data Bus (port 1, bit 0) must be True (1) for all 
DMA send operations. Inthe DMA mode, REQ and ACK 
are automatically controlled. 


The DMA Mode bit is not reset upon the receipt of an 
EOP signal. Any DMA transfer may be stopped by writing 
a zero into this bit location; however, care must be taken 
not to cause CE2 and DACK to be active simultaneously. 


Bit 0—Arbitrate 


The Arbitrate bit is set (1) to start the Arbitration process. 
Prior to setting this bit, the Output Data Register should 
contain the proper SCSI device ID value. Only one data 
bit should be active for SCSI Bus Arbitration. The 
Am85C80 will wait fora Bus-Free condition before enter- 
ing the Arbitration phase. The results of the Arbitration 
phase may be determined by reading the status bits LA 
and AIP (port 1, bits 5 and 6, respectively). 


Target Command Register—Address 3 
(Read/Write) 


When connected as a target device, the Target Com- 
mand Register allows the CPU to contro! the SCS! Bus 
Information Transfer phase and/or to assert REQ simply 
by writing this register. The Targetmode bit (port 2, bit 6) 
must be True (1) for bus assertion to occur. The SCS] 
Bus phases are described in Table 2. 





Table 2. SCSI Information Transfer Phases 

























Assert | Assert | Assert 
Bus Phase VO. C/D MSG 
Data Out - 0° 0 0 
Unspecified 0 0 1- 
Command 0 1 0° 
Message Out 0 - 4 1 
Data In 1 0 0 
Unspecified 1 0 1 
Status 1 1 0 
Message In 1 1 1 





When connected as an Initiator with DMA Mode True, if 
the phase lines (I/O, C/D, and MSG) do not match the 
phase bits in the Target Command Register, a phase- 
mismatch interrupt is generated when REQ goes active. 

inorder to send data as an Initiator, the Assert I/O, Assert 
C/D, and Assert MSG bits must match the corresponding 
bits inthe Current SCSI Bus Status Register (port 4). The 
Assert REQ bit (bit 3) has no neanng when operating as 
an Initiator. 


X Assert Assert Assert Assert 
Byte REQ MSG CID 10 


12582C-010A 
Figure 6. Target Command Register 


The Am85C80 uses bit 7 of the SCSI Target Command 
Register to determine when the last byte of a DMA 
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transfer is sent to the SCSI bus. This flag is necessary 
since the end of DMA bit in the Bus and Status Register 
only indicates when the last byte was received from the 
DMA 


Current SCSI Bus Status Register— 
Address 4 (Read Only) 


The Current SCSI Bus Status Register is a read-only 
register that is used to monitor seven SCSI Bus control 
signals plus the Data Bus parity bit. For example, an In- 
itiator device can use this register to determine the cur- 
rent bus phase and to poll REQ for pending data trans- 
fers. This register may also be used to determine why a 
particular interrupt occurred. Figure 7 describes the Cur- 
rent SCSI Bus Status Register. 


G D WO SEL DBP 
12582C-011A 


Figure 7. Current SCSI Bus Status Register 


op) 
pa 
io) 
< 
m 
rep 


The Am85C80 uses bit 7 of this register to determine 
when the last byte of a DMA transfer is sent to the SCSI 
bus. This flag is necessary since the end of DMA bit inthe 
Bus and Status Register only reflects when the last byte 
was received from the DMA. 


Select Enable Register—Address 4 
(Write Only) 


The Select Enable Register is a write-only register which 
is used aS a mask to monitor a signal ID during a 
selection attempt. The simultaneous occurrence of the 
correct ID bit, BSY False, and SEL True will cause an in- 
terrupt. This interrupt can be disabled by resetting all bits 
in this register. If the Enable Parity Checking bit (port 2, 
bit 5) is active (1), parity will be checked during selection. 


DB2 DBi DBo 


12582C-012A 
Figure 8. Select Enable Register 


Bus and Status Register—Address 5 
(Read Only) . 


The Bus and Status Register is a read-only register that 
can be used to monitor the remaining SCSI control 
signals not found in the Current SCSI Bus Status Reg- 
ister (ATN and ACK), as well as six other status bits. In- 
dividual descriptions of each bit of the Bus and Status 
Register follow. 
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7 6 5 4 3 2 1 0 


End DMA Parity Inter- Phase Busy ATN ACK 
of Re- Error rupt Match Error 
DMA quest Re- 
; quest 
Active 12582C-013A 


Figure 9. Bus and Status Register 


Bit 7—End of DMA Transfer 


The End Of DMA Transfer bit is set if EOP, DACK, and 
either RD or WR are simultaneously active for at least 
100 ns. Since the EOP signal can occur during the last 
byte sent to the Output Data Register (port 0), the REQ 
and ACK signals should be monitored to ensure that the 
last byte has been transferred. This bit is reset when the 
DMA Mode bit is reset (0) in the Mode Register (port 2). 


Bit 6—DMA Request 


The DMA Request bit allows the CPU to sample the out- 
put pin DRQ. DRQ canbe cleared by asserting DACK or 
by resetting the DMA Mode bit (bit 1) in the Mode Regis- 
ter (port 2). The DRQ signal does not reset when a 
phase-mismatch interrupt occurs. : 


Bit 5—Parity Error 


. This bit is set if a parity error occurs during a data receive 


ora device selection. The Parity Error bit can only be set 
(1) if the Enable Parity Check bit (port 2, bit 5) is active 
(1). This bit may be cleared by reading the Reset Parity/ 
Interrupt Register (port 7). 


Bit 4—Interrupt Request Active 


This bit is set if an enabled interrupt condition occurs. It 
reflects the current state of the IRQ output and can be 
cleared by reading the Reset Parity/interrupt Register 
(port 7). 


Bit 3—Phase Match 


The SCSI signals, MSG, C/D, and I/O, represent the cur- 
rent Information Transfer phase. The Phase Match bit in- 
dicates whether the current SCSI Bus phase matches 
the lower 3 bits of the Target Command Register. Phase 
Match is continuously updated and is only significant 
when operating as a Bus Initiator. A phase match is re- 
quired for data transfers to occur on the SCSI Bus. 


Bit 2—Busy Error ° 


The Busy Error bit is active if an unexpected loss of the 
BSY signal has occurred. This latch is set whenever the 
Monitor Busy bit (port 2, bit 2) is True and BSY is False. 
Anunexpected loss of BSY will disable any SCSI outputs 
and will reset the DMA MODE bit (port 2, bit 1). 
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Bit 1—ATN 


This bit reflects the condition of the SCSI Bus control 
signal ATN. This signal is normally monitored by the 
Target device. 


Bit O—ACK 


This bit_reflects the condition of the SCSI Bus control 
signal ACK. This signal is normally monitored by the 
Target device. 


DMA Registers 


Three write-only registers are used to initiate all DMA ac- 
tivity. They are Start DMA Send (port 5), Start DMA Tar- 
get Receive (port 6), and Start DMA Initiator Receive 
(port 7). Simply writing these registers starts the DMA 
transfers. Data presented to the Am85C80 on signals 
Do—D7 during the register write is meaningless and has 
no effect on the operation. Prior to writing these regis- 
ters, the Block Mode DMA bit (bit 7), the DMA Mode bit 
(bit 1) and the Targetmode bit (bit 6) in the Mode Register 
(port 2) must be appropriately set. The individual regis- 
ters are briefly described as follows. 


Start DMA Send—Adaress 5 (Write Only) 

This register is written to initiate a DMA send, from the 
DMA to the SCSI Bus, for either Initiator or Target role 
operations. The DMA Mode bit (port 2, bit 1) must be set 
prior to writing this register. 


Start DMA Target Receive—Address 6 (Write Only) 


This register is written to initiate a DMA receive—from 
the SCS! Bus to the DMA—for Target operation only. 
The DMA Mode bit (bit 1) and the Targetmode bit (bit 6) in 
the Mode Register (port 2) must both be set (1) prior to 
writing this register. 


Start DMA Initiator Receive—Address 7 

(Write Only) 

This register is written to initiate a DMA receive—from 
the SCSI Bus to the DMA, for Initiator operation only. The 
DMA Mode bit (bit 6) must be False (0) inthe Mode Reg- 
ister (port 2) prior to writing this register. 


Reset Parity/Interrupt—Address 7 (Read Only) 


Reading this register resets the Parity Error bit (bit 5), the 
Interrupt Request bit (bit 4), and the Busy Error bit (bit 2) 
in the Bus and Status Register (port 5). 


On-Chip SCSI Hardware Support 


The Am85C80 is easy to use because of its simple archi- 
tecture. The chip allows direct control and monitoring of 
the SCSI Bus by providing a latch for each signal. How- 
ever, portions of the protocol define timings that are 
much too quick for traditional microprocessors to control. 
Therefore, hardware support has been provided for DMA 
transfers, bus arbitration, phase-change monitoring, bus 
disconnection, bus reset, parity generation, parity check- 
ing, and device selection/reselection. 
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Arbitration is accomplished using a Bus-Free filter to 


continuously monitor BSY. If BSY remains inactive for at 
least 400 ns, then the SCSI Bus is considered free and 
Arbitration may begin. Arbitration will begin if the bus is 
free, SEL is inactive, and the Arbitration Nn bit (port 2, bit 0) 
is active. Once arbitration has begun (BSY asserted), an 
arbitration delay of 2.2 us must elapse before the Data 
Bus can be examined to determine if Arbitration has 
been won. This delay must be implemented in the con- 
trolling software driver. 


The Am85C80 has no clock. Delays such as bus-free de- 
lay, bus-set delay, and bus-settle delay are implemented 
using gate delays. These delays may differ between de- 
vices because of inherent process variations, but are 
well within the proposed ANSI X3T9.2 specification. 


Interrupts 


The Am85C80 provides an interrupt output (RQ) to indi- 
cate a task completion or an abnormal bus occurrence. 
The use of interrupts is optional and may be disabled by 
resetting the appropriate bits in the Mode Register (port 
2) or the Select Enable Register (port 4). 


When an interrupt occurs, the Bus and Status Register 
and the Current SCSI Bus Status Register must be read 
to determine which condition created the interrupt. IRQ 
can be reset simply by reading the Reset Parity/Interrupt 
Register (port 7) or by an external chip reset (RESET 
active for 100 ns). 


Assuming the Am85C80 has been properly initialized, an 
interrupt will be_generated if the chip is selected or 
reselected, if an EOP signal occurs during a DMA trans- 
fer, ifa SCSI Bus reset occurs, if aparity error occurs dur- 
ing adata transfer, ifabus phase mismatch occurs, orifa 
SCSI Bus disconnection occurs. 


Selection/Reselection 


The Am85C80 can generate a select _interrupt if SHI is 
True (1), its device ID is True (1), and BSY is False for at 
least a bus-settle delay (400 ns). If /O is active, this 
should be considered a reselect interrupt. The correct !D 
bit is determined by a match in the Select Enable Regis- 
ter (port 4). Only a single bit match is required to gener- 
ate an interrupt. This interrupt may be disabled by writing 
zeros into all bits of the Select Enable Register. 


If parity is supported, parity should also be good during 
the selection phase. Therefore, if the Enable Parity bit 
(port 2, bit 5) is active, then the Parity Error bit should be 
checked to ensure that a proper selection has occurred. 
The Enable Parity Interrupt bit need not be set for this in- 
terrupt to be generated. 


The proposed SCS! specification also requires that no 
more than two device IDs be active during the selection 
process. To ensure this, the Current SCSI Data Register 
(port 0) should be read. 
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The proper values for the Bus and Status Register (port 
5) andthe Current SCSI Bus Status Register (port 4) for 
Selection/Reselection interrupt are displayed in Figuige 
10 and 11, ee 


3 2 1 0 


End DMA Parity Inter- Phase Busy AIN ACK 


of Re- Error rupt | Match Error 
DMA quest Re- 
quest 
Active 12582C-013A 


Figure 10. Condition of Bus and Status Register 
for Select Interrupt to Occur 





DBP 


RST BSY REQ MSG CD WO SEL 
. 12582C-014A 


Figure 11. Condition of Current SCSI Bus 
Status Register for Select Interrupt to Occur 


End of Process (EOP) Interrupt 


An End of Process signal (EOP) that occurs during a 
DMA transfer (DMA Mode True) will set the End Of DMA 
Status bit (port 5, bit 7) and will optionally generate an in- 
terrupt if the Enable EOP Interrupt bit (port 2, bit 3) is 
True. The EOP pulse will not be recognized (End Of DMA 
bit set) unless EOP, DACK, andeither RD or WR are con- 
currently active for at least 100 ns. DMA transfers can 
still occur if EOP was not asserted at the correct time. 
This interrupt can be disabled by resetting the Enable 
EOP Interrupt bit (port 2, bit 3). 


The proper values for the Bus and Status Register (port 
5) and the Current SCS/ Bus Status Register (port 4) 
for this interrupt are shown in riguies: 12 ane 13, 
respectively. 


Ee DMA Parity Inter- Phase Busy ATN ACK 
-Re- Error rupt Match Error 
DMA quest Re- 
. “, hee 12582C-015A 
Figure 12. Condition of Bus and Status Register 
for End of Process Interrupt to Occur 
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SEL DBP 


RST BSY REQ MSG C/D 10 
12582C-O16A 
Figure 13. Condition of Curent SCSI Bus 


Status Register for End of Process Interrupt 
to Occur 


The End Of DMA bit (port 5, bit 7) is used to determine 
when a block transfer is complete. Receive operations 
are complete when there are no data left in the chip and 
no additional handshakes occurring. The only exception 
to this is receiving data as an Initiator when the Target 
opts to send additional data for the same phase. In this 
case, REQ goes active and the new data is present in the 
Input Data Register (port 6). Since a phase-mismatch in- 
terrupt will not occur, REQ and ACK need to be sampled 
to determine that the Target is attempting to send more 
data. 


For send operations, the End Of DMA bit (port 5, bit 7) is 
set when the DMA finishes its transfer, but the SCSI 
transfer.may still be in progress. If connected as a Tar- 
get, REQ and ACK should be sampled until both are 
False. if connected as an Initiator, a phase change inter- 
rupt can be used to signal the completion of the previous 
phase. It is possible for the Target to request additional 
data for the same phase. In this case, a phase change 
will not occur and both REQ and ACK must be sampled to 
determine when the last byte was transferred. 


‘SCSI Bus Reset 


The Am85C80 generates an interrupt when the RST sig- 
nal transitions to True. The device releases all bus sig- 
nals within a bus-clear delay (800 ns) of this transition. 
This interrupt also occurs after setting the Assert RST bit 
{port 1, bit 7). This interrupt cannot be disabled. (Note: 
RST is not latched in bit 7 of the Current SCSI Bus Status 
Register (port 4) and may not be active when this port is 
read. For this case, the Bus Reset interrupt may be de- 
termined by default. ) 


The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) for 
this interrupt are displayed i in Figures 14 and 15, respec- 
tively. 
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7 6 5 4 3 2 1 0 
End DMA Parity Inter- Phase Busy ATN ACK 
of Re- Error rupt Match Error 
DMA quest Re- 


quest 


Active 12582C-017A 


Figure 14, Condition of Bus and Status Register 
for SCS! Bus Reset to Occur 





SEL DBP 


Rst BSY REQ MSG CD 10 


12582C-018A 


Figure 15. Condition of Current SCSI Bus 
Status Register for SCSI Bus Reset to Occur 


Parity Error 


An interrupt is generated fora received parity error if the 
Enable Parity Check (bit 5) and the Enable Parity Inter- 
rupt (bit 4) bits are set (1) in the Mode Register (port 2). 
Parity is checked during a read of the Current SCSI Data 
Register (port 0) and during a DMA receive operation. A 
parity error can be detected without generating an inter- 
rupt by disabling the Enable Parity Interrupt bit (port 2, 
bit 4) and checking the Parity Error flag (port 5, bit 5). 


The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) for 
Parity Error interrupt are Olsprayed) in Figures 16 and 17, 

respectively. 





End DMA Parity Inter- Phase Busy ATN ACK 
of Re- Error rupt Match Error 
DMA quest Re- ‘ 

quest 


Active 12582C-019A 


Figure 16. Condition of Bus and Status Register 
for Parity Error Interrupt to Occur 





SEL DBP 


12582C-020A 
Figure 1 17. Condition of Current SCSI Bus 
Status ie Register for Parity Error Interrupt 
to Occur 


RST BSY REQ MSG CID V0 
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Bus Phase Mismatch 


The SCSI phase lines are composed of the signals V0, 
C/D, and MSG. These signals are compared with the cor- 
responding bits inthe Target Command Register: Assert 
1/0 (bit 0), Assert C/D (bit 1), and Assert MSG (bit 2). The 
comparison occurs continually and is reflected in the 
Phase Match bit (bit 3) of the Bus and Status Register 
(port 5). If the DMA Mode bit (port 2, bit 1) is active anda 
phase mismatch occurs when REQ changes from False 
to True, an interrupt (IRQ) is generated. 


A phase mismatch prevents the recognition of REQ and 
removes the chip from the bus during an initiator send 
operation [DBo-DB7 and DBP will not be driven even 
though the Assert Data Bus bit (port 1, bit 0) is active]. 
This interrupt is only significant when connected as an in- 
itiator and may be disabled by resetting the DMA Mode 
bit. (Note: It is possible for this interrupt to occur when 
connected as a Target if another device is driving the 
phase lines to a different state.) 


The proper values for the Bus and Status Register (port 
5) and the Current SCSI Bus Status Register (port 4) for 
Bus Phase Mismatch interrupt to occur are displayed in 
Figures 18 and 19, respectively. 


7 6 5 4 3 2 1 0 


End DMA Parity Inter- Phase Busy ATN ACK 


of Re- Error rupt Match Error 
DMA quest Re- 
tats 12582C-021A 


Figure 18. Condition of Bus and Status Register 
for Bus Phase Mismatch Interrupt to Occur 





SEL DBP 


RST BSY REQ MSG CID 1/0 


; 12582C—-022A 
Figure 19. Condition of Current SCSI Bus Status 
Register for Bus Phase Mismatch Interrupt 
to Occur 


Loss of BSY 

If the Monitor Busy bit (bit 2) in the Mode Register (port 2) 
is active, an interrupt will be generated if the BSY signal 
goes False for at least a bus-settle delay (400 ns). This 
interrupt may be disabled by resetting the Monitor Busy 
bit. Register values are displayed in Figures 20 and 21. 
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7 6 5 4 3 2 1 0 


End DMA Parity Inter- Phase Busy ATN ACK 


of Re- Error rupt Match Error 
DMA quest Re- 
quest 
_ Active 


12582C-023A 


Figure 20. Bus and Status Register 





DBP 


RST BSY REQ MSG CD 10 SEL 


12582C-024A 


Figure 21. Current SCSI Bus Status Register 


Reset Conditions 
Three possible reset situations exist with the Am85C80. 


Hardware Chip Reset 


When the signal RST is active for at least 200 ns, the 
SCSI device is re-initialized and all internal logic and 
control registers of SCSI are cleared. This is a chip reset 
only and does not create an SCSI Bus-Reset condition. 


SCSI Bus Reset (RST) Received 


When an SCSI RST signal is received, an !RQ interrupt is 
generated and a SCSI chip reset is performed. All inter- 
nal logic and registers are cleared, except for the IRQ in- 
terrupt latch and the Assert RST bit (bit 7) in the Initiator 
Command Register (port 1). (Note: the RST signal may 
be sampled by reading the Current SCSI Bus Status 
Register (port 4); however, this signal is not latched and 
may not be present when this port is read.) 


SCSI Bus Reset (RST) Issued 


If the CPU sets the Assert RST bit (bit 7) in the Initiator 
Command Register (port 1), the RST signal goes active 
on the SCSI Bus and an internal reset is performed. 
Again, all internal logic and registers are cleared except 
for the IRQ interrupt latch and the Assert RST bit (bit 7) in 
the Initiator Command Register (port 1). The RST signal 
will continue to be active until the Assert RST bit is reset 
or until a hardware reset occurs. 


Data Transfers 


Data may be transferred between SCSI Bus devices in 
one of four modes: (1) Programmed I/O, (2) Normal 
DMA, (3) Block Mode DMA, or (4) Pseudo DMA. The fol- 
lowing sections describe these modes in detail. (Note: 
For all data transfer operations, DACK and CE2 should 
never be active simultaneously.) 


Programmed I/O Transfers 


Programmed I/O is the most primitive form of data trans- 
fer. The REQ and ACK handshake signals are individu- 
ally monitored and asserted by reading and writing the 
appropriate register bits. This type of transfer is normally 
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used when transferring small blocks of data, such as 
command blocks or message and status bytes. 


An Initiator send operation would begin by setting the 
C/D, 1/0, and MSG bits in the Target Command Register 
to the correct state so that a phase match exists. In addi- 
tion to the phase match condition, it is necessary for the 
Assert Data Bus bit (port 1, bit 0) to be True and the 
received I/O signal to be False for the Am85C80 to send 
data. 


For each transfer, the data is loaded into the Output D Data 
Register (port 0). The CPU then waits for the REQ bit 
(port 4, bit 5) to become active. Once REQ goes active, 
the Phase Match bit (port 5, bit 3) is checked and the As- 
sert ACK bit (port 1, bit 4) is set. The REQ bit is sampled 
until it becomes False and the CPU resets the Assert 
ACK bit to complete the transfer. 


Normal DMA Mode 


DMA transfers are normally used for large block trans- 
fers. The SCSI chip outputs a DMA request (DRQ) when- 
ever it is ready for a byte transfer. External DMA logic 
uses this DRQ signal to generate DACK and an RD oran 
WR pulse to the Am85C80. DRQ goes inactive when 
DACK is asserted, and DACK goes inactive some time 
after the minimum read or write pulse width, This process 
is repeated for every byte. For this mode, DACK should 
not be allowed to cycle unless a transfer is taking place. 


Block Mode DMA 


Some popular DMA controllers such as the Am9517A 
provide a Block Mode DMA transfer. This type of transfer 
allows the DMA controller to transfer blocks of data with- 
out relinquishing the use of the Data Bus to the CPU after 
each byte is transferred; thus, faster transfer rates are 
achieved by eliminating the eepellive access sand 
release of the CPU Bus. 


If the Block Mode DMA bit (port 2, bit 7) is active, the 
Am85C80 will begin the transfer by asserting DRQ. The 
DMA controller then asserts DACK for the remainder of 
the block transfer. DRQ goes inactive for the duration of 
the transfer. 








Non-Block Mode DMA transfers end when DACK goes 
False, whereas Block mode transfers end when RD or 
WR becomes inactive. Since this is the case, DMA trans- 
fers may be started sooner in a Block Mode transfer. 


The methods described under “Halting a DMA Opera- 
tion” apply for all DMA operations. 


Pseudo DMA Mode 


To avoid the tedium of monitoring and asserting the re- 
quest/acknowledge handshake signals for programmed 
I/O transfers, the system may be designed to implement 
apseudo DMA mode. This mode is implemented by pro- 
gramming the Am85C80 to operate in the DMA mode, 
but using the CPU to emulate the DMA handshake. DRQ 
may be detected by polling the DMA Request bit (bit 6) in 
the Bus and Status Register (port 5), by sampling the sig- 
nal through an external port, or by using it to generate a 
CPU interrupt. Once DRQ is detected, the CPU can per- 
form a read or write data transfer. This CPU read/write is 
externally decoded to generate the appropriate DACK 
and RD or WR signals. 
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Often, external decoding logic is necessary to generate 
the Am85C80 CE2 signal. This same logic may be used 
to generate DACK at no extra system cost and provide 
an increased performance in programmed |/O transfers. 





Halting a DMA Operation 


The EOP signal is not the only way to halt a DMA transfer. 
A bus phase mismatch or a reset of the DMA Mode bit 
(port 2, bit 1) can also terminate a DMA cycle for the cur- 
rent bus phase. 


Using the EOP Signal 


if EOP is used, it should be asserted for at least 100 ns 
while DACK and RD or WR are simultaneously active. 
Note, however, that if RD or WR is not active an interrupt 
willbe generated, but the DMA activity will continue. The 
EOP signal does not reset the DMA Mode bit. Since the 
EOP signal can occur during the last byte sent to the Out- 
put Data Register (port 0), the REQ and ACK signals 
should be monitored to ensure that the last byte has 
transferred. 


Bus Phase Mismatch Interrupt 


A bus phase mismatch interrupt may be used to halt the 
transfer if operating as an Initiator. Using this method 
frees the host from maintaining a data length counter 
and frees the DMA logic from providing the EOP signal. 
If performing an Initiator send operation, the Am85C80 
requires DACK to cycle before ACK goes inactive. Since 
_ phase changes cannot occur if ACK is active, either 
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DACK must be cycled after the last byte is sent or the 
DMA Mode bit must be reset in order to receive the 
phase mismatch interrupt. 


Resetting the DMA Mode Bit 


ADMA operation may be halted at any time simply by re- 
setting the DMA Mode bit. It is recommended that the 
DMA Mode bit be reset after receiving an EOP or bus 
phase-mismatch interrupt. The DMA Mode bit must then 
be set before writing any of the start DMA registers for 
subsequent bus phases. 


if resetting the DMA Mode bit is used instead of EOP for 
Target role operation, then:care must be taken to reset 
this bit at the proper time. If receiving data as a Target de- 
vice, the DMA Mode bit must be reset once the last DRQ 
is received and before DACK is asserted to prevent an 
additional REQ from occurring. Resetting this bit causes 
DRQ to go inactive. However, the last byte received re- 
mains in the Input Data Register and may be obtained 
either by performing a normal CPU read or by cycling 
DACK and RD. In most cases EOP is easier to use when 
operating as a Target device. 





Flowcharts 

Flowcharts are provided (see Figures 22 through 25) as 
a guideline to facilitate your firmware development. Firm- 
ware will vary depending onthe application and the level 
of the SCSI protocol being supported. 
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Figure 22. Arbitration and (Re) Selection 
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Figure 23. Command Transfer Phase (Target) 
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Figure 24. Data Transfer to Host via Programmed I/O 
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Figure 25. Data Transfer via DMA 
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Figure 26. Register Reference Chart 
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Figure 26. Register Reference Chart (continued) 
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ESCC ARCHITECTURE 


The ESCC internal structure includes two full-duplex 
channels, two 10 x 19 bit SDLC/HDLC frame status 
FIFOs, two baud rate generators, internal control and in- 
terrupt logic, and a bus interface toa non-multiplexed 
bus. Associated with each channel are a number of read 
and write registers for mode control and status informa- 
tion, as well as logic necessary to interface with modems 
or other external devices (see Logic Symbol). 


The logic for both channels provides formats, synchroni- 
zation, and validation for data transferred to and fromthe 
channel interface. The modem control inputs are moni- 
tored by the control logic under program control. Allofthe 
modem contro! signals are general-purpose in nature 
and can optionally be used for functions other than mo- 
dem control. 


The register set for each channel includes ten control 
(write) registers, two SYNC character (write) registers, 
and four status (read) registers. In addition, each baud 
rate generator has two (read/write) registers for holding 
the time constant that determines the baud rate. Finally, 
associated with the interrupt logic is a write register for 
the interrupt vector accessible through either channel, a 
write-only Master Interrupt Control register and three 
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read registers: one containing the vector with status in- 
formation (Channel B only), one containing the vector 
without status (A only), and one containing the interrupt 
Pending bits (A only). 


The registers for each channel! are designated as fol- 
lows: 


WRO-WR15—Write Registers 0 through 15. An addi- 
tional write register, WR7 Prime (WR7’), is available for 
enabling or disabling additional SDLC/HDLC enhance- 
ments if bit DO of WR15 is set. 


RRO-RR3, RR10, RR12, RR13, RR15—Read Registers 
0 through 3, 10, 12, 13, 15. 


If bit D2 of WR15 is set, then two additional Read Regis- 
ters, RR6 and RR7, are available. These registers are 
used with the 10 x 19 bit Frame Status FIFO. 


Table 3 lists the functions assigned to each read and 
write register. The ESCC contains only one WR2 and 
WR39, but they can be accessed by either channel. All 
other registers are paired (one for each channel). 
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Figure 27. Block Diagram of ESCC Architecture 


3-28 





Am85C80 


PRELIMINARY 


Data Path 


The transmit and receive data path illustrated in Figure 
28 is identical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, in addition 
to the 8-bit receive shift register. This scheme creates 
additional time for the CPU to service an interrupt at the 
beginning of a block of high-speed data. Incoming data 
are routed through one of several paths (data or CRC) 
depending on the selected mode (the character length in 
asynchronous modes also determines the data path). 
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The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and a 20-bit transmit 
shift register that can be loaded either from the sync- 
character registers or from the transmit data register. De- 
pending on the operational mode, outgoing data are 
routed through one of four.main paths before they are 
transmitted from the Transmit Data output (TxD). 


Table 3. Read and Write Register Functions 


Read Register Functions 


RRO Transmit/Receive buffer status and External status 
RR1 Special Receive Condition status 
(also 10 x 19 bit FIFO Frame Reception Status if 
WRi15 bit D2 is set) 


RR2 Modified interrupt vector , 
(Channel B only) 
Unmodified interrupt vector 
(Channel A only) 
RR3 Interrupt Pending bits 
(Channel A only) 
RR6 LSB Byte Count (14-bit counter) 
(if WR15 bit D2 set) 
RR7 ~——MSB Byte Count (14-bit counter) 
and 10 x 19 bit FIFO Status (if WR15 bit D2 is set) 
RR8& Receive buffer 
RR10 = Miscellaneous XMTR, RCVR status 
RR12_ ~—_ Lower byte of baud rate generator time constant 
RR13_ Upper byte of baud rate generator time constant 
RR1i5 ~~ External/Status interrupt information 


Write Register Functions 


WRO Command Register, Register Pointers CRC 
initialize, initialization commands for the various 
modes, shift right/shift left command 

WR1 Interrupt conditions and data transfer mode 
definition 

WR2 __sInterrupt vector (accessed through either channel) 

WR3 ___s Receive parameters and control 

WR4 __ Transmit/Receive miscellaneous parameters and 
modes 

WR5 __ Transmit parameters and controls 

WR6 = Sync character or SDLC address field 

WR7 ~~ Sync character or SDLC flag 

WR7’ = SDLC/HDLC enhancements (if bit DO of WR15 set) 

WR8 __ Transmit buffer _ ; 

WR9 ss Master interrupt control and reset (accessed 
through either channel) 

WR10_ Miscellaneous transmitter/receiver control bits, data 
encoding 

WR11_— Clock mode control, Rx and Tx clock source 

WR12_ Lower byte of baud rate generator time constant 

WR13 Upper byte of baud rate generator time constant 

- WR14_ Miscellaneous control bits, DPLL control 

WR15__ External/Status interrupt control 
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DETAILED DESCRIPTION 


The functional capabilities of the ESCC can be described 
from two different points of view; as a data communica- 
tions device, it ttansmits and receives data in a wide vari- 
ety of data communications protocols; as a microproces- 
sor peripheral, it interacts with the CPU and provides 
vectored interrupts and handshaking signals. 


Data Communications Capabilities 


The ESCC provides two independent: full-duplex 
channels programmable for use in any common 
asynchronous or SYNC data-communication protocol. 
Figure 29 and the following description briefly detail 
these protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished inde- 
pendently on each channel with five to eight bits per 
character, plus optional even or odd parity. The transmit- 
ters can supply one, one-and-a-half or two stop bits per 
character and can provide a break output at any time. 
The receiver break-detection logic interrupts the CPU 
both at the start and at the end of a received break. Re- 
ception is protected from spikes by a transient spike- 
rejection mechanism that checks the signal one-half a bit 
time after a Low level is detected on the receive data in- 
put. If the Low does not persist (as in the case of a tran- 
sient), the character assembly process does not start. 


Framing errors and overrun errors are detected and buff- 
ered together with the partial character on which they oc- 
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cur. Vectored interrupts allow fast servicing of error con- 
ditions using dedicated routines. Furthermore, a built-in 
checking process avoids the interpretation of framing er- 
ror aS a new Start bit; a framing error results in the addi- 
tion of one-half a bit time to the point at which the search 
for the next start bit begins. . 


The ESCC does not require symmetric transmit and re- 
ceive clock signals—a feature allowing use of a wide va- 
riety of clock sources. The transmitter and receiver can 
handle data at a rate of 1, 1/16, 1/32, or 1/64 of the clock 
rate supplied to the receive and transmit clock inputs. In 
asynchronous modes, the SYNC pin may be pro- 
grammed as an input used for functions, such as moni- 
toring a ring indicator. 





Synchronous Modes 


The ESCC supports both byte-oriented and bit-oriented 
synchronous communication. SYNC byte-oriented pro- 
tocols can be handled in several modes, allowing char- 
acter synchronization with a 6-bit or 8-bit SYNC charac- 
ter (Monosync), any 12-bit or 16-bit SYNC pattern 
(Bisync), or with an external SYNC signal. Leading 
SYNC characters can be removed without interrupting 
the CPU. 


Five- or 7-bit SYNC characters are detected with 8- or 
16-bit patterns in the ESCC by overlapping the larger 
pattern across multiple incoming SYNC characters as 
shown in Figure 30. 
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_ Figure 29. ESCC Protocols 
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Figure 30. Detecting 5- or 7-Bit Synchronous Characters 
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CRC checking for Synchronous byte-oriented modes is 
delayed by one character time so that the CPU may dis- 
able CRC checking on specific characters. This permits 
the implementation of protocols, such as IBM BISYNC. 


Both CRC-16 (X'© + X84 X? +1) and CCITT (X'6 + X12 + 
X° + 1) error checking polynomials are supported. Either 
polynomial may be selected in BISYNC and 
MONOSYNC modes. Users may preset the CRC gen- 
erator and checker to all “1”s or all “Os. The ESCC also 
provides a feature that automatically transmits CRC data 
when no other data are available for transmission. This 
allows for high-speed transmissions under DMA control 
with no need for CPU intervention at the end of a mes- 
sage. When there are no data or CRC to send in SYNC 
modes, the transmitter inserts 6-, 8-, or 16-bit SYNC 
characters, regardless of the programmed character 
length.. 


The ESCC supports SYNC bit-oriented protocols, such 
as SDLC and HDLC, by performing automatic flag send- 
ing, zero bit insertion, and CRC generation. A special! 
command can be used to abort a frame in transmission. 
At the end of a message, the ESCC automatically trans- 
mits the CRC and trailing flag when the transmitter un- 
derruns. The transmitter may also be programmed to 
send an idle line consisting of continuous flag characters 
or a steady marking condition. 


lf a transmit underrun occurs in the middle of a message, 
an external/status interrupt warns the CPU of this status 
change so that an abort may be issued. The ESCC may 
also be programmed to send an abort itself in case of an 
underrun, relieving the CPU of this task. One to eight bits 
per character can be sent allowing reception of a mes- 
sage with no prior information about the character struc- 
ture in the information field of a frame. 


The receiver automatically acquires synchronization on 
the leading flag of a frame in SDLC or HDLC and pro- 
vides a synchronization signal on the SYNC pin (an inter- 
rupt can also be programmed). The receiver can be pro- 
grammed to search for frames addressed by a single 
byte (orfour bits within a byte) of auser-selected address 
or to a global broadcast address. In this mode, frames 
not matching either the user-selected or broadcast ad- 





dress are ignored. The number of address bytes can be - 


extended under software control. For receiving data, an 
interrupt on the first received character, or an interrupton 
every character, or on special condition only (end-of- 
frame) can be selected. The receiver automatically de- 
letes all“O"s inserted by the transmitter during character 
assembly. CRC is also calculated and is automatically 
checked to validate frame transmission. At the end of 
transmission, the status of a received frame is available 
in the status registers. In SDLC mode, the ESCC must 
be programmed to use the SDLC CRC polynomial, 
but the generator and checker may be preset to all “1"s 
or all “O’s. The CRC is inverted before transmission 
and the receiver checks against the bit pattern 
“0001110100001111.” 


NRZ, NRZI or FM coding may be used in any 1X mode. 
The parity options available in asynchronous modes are 
available in synchronous modes. 
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The ESCC can be conveniently used under DMA control 
to provide high-speed reception or transmission. In re- 
ception, for example, the ESCC can interrupt the CPU 
when the first character of a message is received. The 
CPU then enables the DMA to transfer the message to 
memory. The ESCC then issues an end-of-frame inter- 
rupt and the CPU can check the status of the received 
message. Thus, the CPU is freed for other service while 
the message is being received. The CPU may also en- 
able the DMA first and have the ESCC interrupt only on 
end-of-frame. This procedure allows all data to be trans- 
ferred via the DMA. 


SDLC Loop Mode 


The ESCC supports SDLC Loop mode in addition to nor- 
malSDLC.InanSDLC Loop, there is a primary controller 
station that manages the message traffic flow and any 
number of secondary stations. In SDLC Loop mode, the 
ESCC performs the functions of a secondary station 
while an ESCC operating in regular SDLC mode can act 
as a controller (Figure 31). 





Secondary #3 


Figure 31. An SDLC Loop 


Secondary #2 
Secondary #4 
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Asecondary station in an SDLC Loop is always listening 
to the messages being sent around the loop and, in fact, 
must pass these messages to the rest of the loop by 
retransmitting them with a 1-bit time delay. The sec- 
ondary station can place its own message on the loop 


- only at specific times. The controller signals that secon- 


dary stations may transmit messages by sending a spe- 
cial character, called an EOP (End of Poll), around the 
loop. The EOP character is the bit pattern “11111110.” 
Because of zero insertion during messages, this bit pat- 
tern is unique and easily recognized. 


When a secondary station has a message to transmit 
and recognizes an EOP onthe line, it changes the last bi- 
nary one of the EOP to a zero before transmission. This 
has the effect of turning the EOP into a flag sequence. 
The secondary station now places its message on the 
loop and terminates the message with an EOP. Any sec- 
ondary stations further down the loop with messages to 
transmit can then append their messages to the mes- 
sage of the first secondary station by the same process. 
Any secondary stations without messages to send 
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merely echo the incoming messages and are prohibited 
from placing messages on the loop (except upon recog- 
nizing an EOP). 


SDLC Loop mode is a programmable option in the 
ESCC. NRZ, NRZI, and FM coding may all be used in 
SDLC Loop mode. 


Baud Rate Generator 


Each channel in the ESCC contains a programmable 
baud rate generator. Each generator consists of two 8-bit 
time constant registers that form a 16-bit time constant, a 
16-bit down counter, and a flip-flop on the output produc- 
ing a square wave. Onstart-up, the flip-flop on the output 
is set in a High state; the value in the time constant regis- 
ter is loaded into the counter; and the counter starts 
counting down. The output of the baud rate generator 
toggles upon reaching zero; the value in the time con- 
stant register is loaded into the counter, and the process 
is repeated. The time constant may be changed at any 


time, but the new value does not take effect until the next 


load of the counter. 


The output of the baud rate generator may be used as 
either the transmit clock, the receive clock, or both. It 
can also drive the digital phase-locked loop (see next 
section). 


If the receive clock or transmit clock is not programmed 
to come from the TRxC pin, the output of the baud rate 
generator may be echoed out via the TRxC pin. 





The following formula relates the time constant to the 
baud rate where PCLK or RIxC is the baud rate genera- 
tor input frequency in Hz. The clock mode is X1, X16, 
X32, or X64 as selected in Write Register 4, bits D6 and 
D7: Synchronous operation modes should select X1 and 
Asynchronous should select X16, X32, or X64. 


PCLK or RTxC rece) | ‘ 


Time Constant = 
2 (Baud Rate)(Clock Mode) 


The following formula relates the time constant to the 
baud rate. (The baud rate is in bits/second and the BR 
clock period is in seconds given by Clock 
Mode/Clock Frequency.) 


1 


baud rate = ————_$__$_$_____ 
2 (Time Constant + 2) x (BR Clock Period) 
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Time Constant Values 
for Standard Baud Rates at BR Clock 
= 3.9936 MHz 


Time Constant 
(decimal/Hex notation) 


102 (0066) 
206 (00CE) 
275 (0113) 
414  (019E) 
553 (0229) 


Rate 
(Baud) 


830  (033E) 
996 (03E4) 


1107 
1662 
3326 
6654 
13310 
14844 
18151 
26622 
39934 


(0453) 
(067E) 

(OCFE) 

(19FE) 

(33FE) 

(39FC) 0.0007% 
(46E7) 0.0015% 
(67FE) 0 
(98FE) 0 





Digital Phase-Locked Loop 


The ESCC contains a digital phase-locked loop (DPLL) 
to recover clock information from a data stream with 
NRZI or FM encoding. The DPLL is driven by aclock that 
is nominally 32 (NRZI) or 16 (FM) times the data rate. 
The DPLL uses this clock, along with the data stream, to 
construct a clock for the data. This clock may then be 
used as the ESCC receive clock, the transmit clock, 
or both. 


For NRZI encoding, the DPLL counts the 32X clock to 
create nominal bit times. As the 32X clock is counted, the 
DPLL is searching the incoming data stream for edges 
(either 1/0 or 0/1). As long as no transitions are detected, 
the DPLL output will be free running and its input clock 
source will be divided by 32, producing an output clock 
without any phase jitter. Upon detecting a transition the 
DPLL will adjust its clock output (during the next counting 
cycle) by adding or subtracting a count of 1, thus produc- 
ing aterminal count closer to the center of the bit cell. The 
adding or subtracting of a count of 1 will produce a phase 
jitter of 5.63° on the output of the DPLL. Because the 
ESCC’s DPLL uses both edges of the incoming signal to 
compare with its clock source, the mark-space ratio 
(50%) of the incoming signa! should not deviate by more 
than +1.5% if proper locking is to occur. 


For FM encoding, the DPLL still counts from 0 to 31, but 
with a cycle corresponding to two bit times. When the 
DPLL is locked, the clock edges in the data stream 
should occur between counts 15 and 16 and between 
counts 31 and 0. The DPLL looks for edges only during a 
time centered on the 15/16 counting transition. 
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The 32X clock forthe DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be 
echoed out of the ESCC via the TRxC pin (if this pin is not 
being used as an input). 


Crystal Oscillator 


When using a crystal oscillator to supply the receive or 
transmit clocks to a channel of the ESCC, the user 
should: . 


1. Select a crystal oscillator which satisfies the 
following specifications: 


B 30 ppm @ 25°C 
m 50 ppm over temperature of —20° to 70°C 
m 5ppnvyr aging 
w 5 mW drive level 
2. Place crystal across RTxC and SYNC pins 


3. Place 30 pF capacitors to ground from both RTxC 
and SYNC pins 


4. Set bit D7 of WR11 to “1.” 


Data 
NRZ 


NRZI 


EM: 
(Biphase Mark) 
(Biphase Mark) 


FMo 
Manchester 
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Data Encoding | 


The ESCC may be programmed to encode and decode 
the serial data in four different ways (Figure 6). In NRZ 
encoding, a “1” is represented by a High level, anda “0” is 
represented by a Low level. In NRZI encoding, a “1” is 


’ represented by no change in level, and a “0” is repre- 


sented by a change in level. In FM; (more properly, bi- 
phase mark), a transition occurs at the beginning of 
every bit cell. A“1” is represented by an additional transi- 
tion at the center of the bit cell, and a “0” is represented 
by no additional transition at the center of the bit cell. In 
FMo (bi-phase space), a transition occurs at the begin- 
ning of every bit cell. A“O” is represented by an additional 
transition at the center of the bit cell, and a “1” is repre- 
sented by no additional transition at the center of the bit 
cell. In addition to these four methods, the ESCC canbe 
used to decode Manchester (bi-phase level) data by us- 
ing the DPLL in the FM mode and programming the re- 
ceiver for NRZ data. Manchester encoding always pro- 
duces a transition at the center of the bit cell. If the 
transition is 0/1, the bit is a “0.” If the transition is 1/0, the 
bit is a “1.” 


Bit Cell Level 
Low =0 


No Change = 1 
Change = 0 


Bit Center Transition 
Transition = 1 
No Transition = 0 


No Transition=1 - 
Transition = 0 


High Low =1 
Low High = 0 
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Figure 32. Data Encoding Methods 


Auto Echo and Local-Loopback 


The ESCC is capable of automatically echoing every- 
thing it receives. This feature’ is useful mainly in 
asynchronous modes but works in SYNC and SDLC 
modes as well. In Auto Echo mode, TxD is RxD. Auto 
Echo mode can be used with NRZI or FM encoding with 
no additional delay, because the data stream is not 
decoded before retransmission. In this mode, the trans- 
mitter is actually bypassed, and the programmer is re- 
sponsible for disabling transmitter interrupts and WAIT/ 
REQUEST on transmit. : 
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The ESCC is also capable of Local Loopback. In this 
mode, TxD is RxD just as in Auto Echo mode. However, 
in Local Loopback mode, the internal transmit data is tied 
to the internal receive data, and RxD is ignored (except 
to be echoed out via TxD). The DCD input is also ignored 
as transmit and receive enables. However, transitions on 
these inputs can still cause interrupts. Local Loopback 
works in asynchronous, SYNC and SDLC modes with 
NRZ, NRZI or FM coding of the data stream. 
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I/O Interface Capabilities 


The ESCC offers the choice of Polling, Interrupt (vec- 
tored or nonvectored), and Block Transfer modes to 
transfer data, status, and control information to and from 
the CPU. The Block Transfer mode can be implemented 
under CPU or DMA control. 


Polling 

All interrupts are disabled. Three status registers in the 
ESCC are automatically updated whenever any function 
is performed. For example, end-of-frame in SDLC mode 
sets a bit in one of these status registers. The idea be- 
hind polling is for the CPU to periodically read a status 
register until the register contents indicate the need for 
data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes 
data, reads data, or continues. Two bits in the register in- 
dicate the need for data transfer. An alternative is a poll 
of the Interrupt Pending register to determine the source 
of an interrupt. The status for both channels resides | in 
one register. 


Interrupts 


When an ESCC responds to an Interrupt Acknowledge 
signal (INTACK) from the CPU, an interrupt vector may 
be placed on the data bus. This vector is written in WR2 
and may be read in RR2A or RR2B (Figures 34 and 35). 





To speed interrupt response time, the ESCC can modify 
three bits in this vector to indicate status. If the vector is 
read in Channel A, status is never included; if itis read in 
Channel B, status is always included. 


Each of the six sources of interrupts inthe ESCC (Trans- 
mit, Receive and External/Status interrupts in both chan- 
nels) has three bits associated with the interrupt source: 
Interrupt Pending (IP), Interrupt Under Service (IUS), 


and Interrupt Enable (IE). Operation of the IE bit is. . 


straightforward. If the IE bit is set for a given interrupt 
source, then that source can request interrupts. The ex- 
ception is when the MIE (Master Interrupt Enable) bit in 
WRG is reset and no interrupts may be requested. The IE 
bits are write-only. 


Inthe ESCC, the IP bit signals a need for interrupt servic- 
ing. When an IP bit is set to “1” and the !EI input is High, 
the INT output is pulled Low, requesting an interrupt. In 
the ESCC, if the IE bit is set for an interrupt, then the IP 
forthat source can never be set. The IP bits are readable 
in RR3A. 


There are three types of interrupts: Transmit, Receive 
and External/Status. Each interrupt type is enabled un- 
der program control with Channel A having higher prior- 
ity than Channel B, and with Receive, Transmit and Ex- 
ternal/Status interrupts prioritized in that order within 
each channel. When the Transmit interrupt is enabled, 
the CPU is interrupted when the transmit buffer becomes 
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empty. (This implies that the transmitter must have hada 
data character written into it so that it can become 
empty.) When enabied, the Receive can interrupt the 
CPU in one of three ways: 


m Interrupt on First Receive Character or Special 
Receive condition 


@ Interrupt on all Receive Characters or Special 
’ Receive condition 


m@ Interrupt on Special Receive condition only 


Interrupt on First Character or Special Condition and In- 
terrupt on Special Condition Only are typically used with 
the Block Transfer mode. A Special Receive Condition is ° 
one of the following: receiver overrun, framing error in 
asynchronous mode, end-of-frame in SDLC mode, and 
optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary Receive Character 
Available interrupt only in the status placed in the vector 
during the Interrupt Acknowledge cycle. In Interrupt on 
First Receive Character, an interrupt can occur from 
Special Receive Conditions any time after the first Re- 
ceive Character Interrupt. 


The main function of the External/Status interrupt is to 
monitor the signal transitions of the DCD, and SYNCA 
pins; however, an External/Status interrupt is also 
caused by a Transmit Underrun condition, a zero countin 
the baud rate generator, the detection of a Break (asyn- 
chronous mode), Abort (SDLC mode) or EOP (SDLC 
Loop mode) sequence in the data stream. The interrupt 
caused by the Abort or EOP has a special feature allow- 
ing the ESCC to interrupt when the Abort or EOP se- 
quence is detected or terminated. This feature facilitates 
the proper termination of the current message, correct 
initialization of the next message, and the accurate tim- 
ing of the Abort condition in external logic in SDLC mode. 
In SDLC Loop mode, this feature allows secondary sta- 
tions to recognize the wishes of the primary station to re- 
gain control of the loop during a poll sequence. 


CPU/DMA Block Transfer 

The ESCC provides a Block Transfer mode to accommo- 
date CPU block transfer functions and DMA controllers. 
The Block Transfer mode uses the WAIT/REQUEST out- 
put in conjunction with the Wait/Request bits in WR1. 
The WAIT/REQUEST output can be defined under soft- 





-ware control as a WAIT line in the CPU Block Transfer 


mode or as a REQUEST line in the DMA Block Transfer 
mode. 


To a DMA controller, the ESCC REQUEST output indi- 
cates that the ESCC is ready to transfer data to or from 
memory. To the CPU, the WAIT line indicates that the 
ESCC is not ready to transfer data, thereby requesting 
that the CPU extend the I/O cycle. The DTIR/REQUEST 
can be used as the transmit request line, thus allowing 
full-duplex operation under DMA control. 
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PROGRAMMING INFORMATION 


Each channel has fifteen Write registers that are indi- 
vidually programmed from the system bus to configure 
the functional personality of each channel. Each channel 
also has eight Read registers from which the system can 
read Status, Baud rate, or Interrupt information. 


On the ESCC, only four data registers (Read and Write 
for Channels A and B) are directly selected by a Highon 
the D/C input and the appropriate levels on the RD, WR 
and A/B pins. All other registers are addressed indirectly 
by the content_of Write Register 0 in conjunction with a 
Low on the D/C v input and the appropriate levels on the 
RD, WR and A/B pins. If bit D3 in WRO is 1 and bits 5 and 
6 are 0, then bits 0, 1, 2 address the higher registers 8 
through 15. If bits 4, 5, 6 contain a different code, bits 0, 1, 
2 address the lower registers 0 through 7 as shown in 
Table 4. 
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Writing to or reading from any register except RRO, WRO 
and the Data Registers thus involves two operations: 


First, write the appropriate code into WRO, then follow 
this by a write or read operation on the register thus 
specified. Bits 0 through 4 in WRO are automatically 
cleared after this operation, so that WRO then polis! to 
WRO or RRO again. 


Channel A/Channel B selection is made by the A/B input 
(HIGH = A, Low = B) 


The system program first issues a series of commands to 
initialize the basic mode of operation. This is followed by 
other commands to qualify conditions within the selected 
mode. For example, the asynchronous mode, character 
length, clock rate, number of stop bits, even or odd parity 
might be set first. Then the interrupt mode would be set 
and, finally, receiver or transmitter enable. 


Table 4. Register Addressing 


“Point High” D2, D1, DO Write Read 
Code In WRO: In WRO: Register Register 


Either Way 
Not True 
Not True 
Not True 
Not True 
Not True 
Not True 


Not True 
Not True 
True 
True 
True 
True 
True 
True 
True 
True 


=“=-=- -~Qooo] =|\ = = O0o0dox 


Ba4OOs-4 0 O=3-=00-=00x 


“O-0-0-0=-0-0-0--0x 








3-36 


Am8s5C80 


PRELIMINARY 


AMD cl 





Read Registers 


The ESCC contains eight read registers [actually nine, 
counting the receive buffer (RR8) in each channel]. Four 
of these may be read to obtain status information (RRO, 
RR1, RR10, and RR15). Two registers (RR12 and 
RR13) may be read to learn the baud rate generator time 
constant. RR2 contains either the unmodified interrupt 
vector (Channel A) or the vector modified by status infor- 
mation (Channel B). RR3 contains the Interrupt Pending 
(IP) bits (Channel A). In addition, if bit D2 of WR15 is set, 


RR6 and RR7 are available for providing frame status 
from the 10 x 19 bit Frame Status FIFO. Figure 33 shows 
the formats for each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring, for example, when the inter- 
rupt vector indicates a Special Receive Condition inter- 
rupt, all the appropriate error bits can be read from a 
single register (RR1). 





Read Register 0 


Rx Character Available 
Zero Count 

Tx Buffer Empty 

DCD 

SYNC Hunt 

CTS 

Tx Underrun/EOM 
Break Abort 


12582C-037A 


Read Register 1 


D»]D.]Ds]0.]0.[.]0,[D. 


All Sent 

Residue Code 2 
Residue Code 1 
Residue Code 0 
Parity Error 

Rx Overrun Error 
CRC Framing Error 
End-of-Frame (SDLC) 


12582C-038A 


Read Register 2 — 


Dr] De] Ds} D. | D5 | D2]; [D.| 


V3 Interrupt Vector* 


*Modified in B Channel 


12582C-039A 


Read Register 3 


Channel B EXT STAT IP” 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

0 





“Always 0 in B Channel 








12582C-040A 
Read Register 6 
BCO 
BC1 
BC2 14-Bit 
BC3 LSB Byte 
BC4 Count 
BC5 
BC6 
BC7 
12582C-041A 
Read Register 7 
BC8 
BC9 : 
BC10 14-Bit 
BC11 MSB Byte 
BC12 Count 
BC13 
FDA* 10 x 19 bit 
FOY** FIFO Status 
“FIFO Data Available Status 
**FIFO Overflow Status ; 
12582C-042A 


Figure 33. Read Register Bit Functions 
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Read Register 10 Read Register 13 


TCs 








0 
On Loop TCs . 
0 TCro 
0 TCi Upper Byte of 
Loop Sending TCi2 Time Constant 
0 TCis _ 
Two Clocks Missing TCs 
One Clock Missing TCis 

12582C-043A 12582C-045A 

Read Register 12 Read Register 15 
1D-[De Ds] D.]Ds[ D2 D: [Do 

TCo SDLC/HDLC Enhancement Status* 
TC, Zero Count IE 
TCe 10 x 19 bit FIFO Enable/Disable* 
TCs + Lower Byte of DCDIE - 
TC. Time Constant SYNC Hunt !E 
TCs CTS IE 
TC. Tx Underrun/EOM IE 
TC; Break/Abort IE 

12582C-044A Seren 12582C-046A 


Figure 33. Read Register Bit Functions (continued) 


Write Registers 


The ESCC contains 15 write registers (16 counting WR8, 
the transmit buffer) in each channel. These write regis- 
ters are programmed separately to configure the func- 
tional “personality” of the channels. Two registers (WR2 
and WR39) are shared by the two channels that can be 
accessed through either of them. WR2 contains the 
interrupt vector for both channels, while WR9 contains 


the interrupt control bits. In addition, if bit DO of WR15 is 
set, write register seven prime (WR7’) is available for 
programming additional SDLC/HDLC enhancements. 
When bit DO of WR15 is set, executing a write to WR7 
actually writes to WR7’ to further enhance the functional 
“personality” of each channel. Figure 34 shows the for- 
mat of each write register. 


Write Register 0 


Register 








NOOO WM — © 








Null Code 
Point High Register Group 
Reset Ext/Status Interrupts 
Send Abort 
Enable Int on Next Rx Character 
Reset Tx Int Pending 
Error.Reset 
Reset Highest IUS 
Null Code 
Reset Rx CRC Checker [go | 1/ 
Reset Tx CRC Generator | 1] 0} 
Reset Tx Underrun/EOM Latch | 1] 1} 


12582C-047A 


Figure 34. Write Register Bit Functions 
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Write Register 1 Write Register 4 


Parity Enable 
Parity Even/Odd 


Sync Modes Enable 

1 Stop Bit/Character 

1 1/2 Stop Bits/Character 
2 Stop Bits/Character 


Ext Int Enable 

Tx Int Enable 

Parity is Special Condition 

Rx Int Disable 

Rx Int on First Character or Special Condition 

Int on All Rx Characters or Special Condition 

Rx Int on Special Condition only 

Wait/DMA Request on Receive/Transmit 
Wait/DMA Request Function 

Wait/DMA Request Enable 











|Ol 0] 8-Bit Sync Character 
Lo} 4 


erro 16-Bit Sync Character 
SDLC Mode (01111110 Fla 
=iEt ( 9) 


External Sync Mode 
















Write Register 2 12582C-048A 
+e X1 Clock Mode 
X16 Clock Mode 
1D| Ds] Ds|0«| Ds] Del. | Do| Pol] X16 Clock Mode 
Vo Pili] x64 Clock Mode 
V1 12582C-051A 
V2 : ; 
V3 Interrupt Vector* Write Register 5 
V4 
V5 
V6 
V7 
, Tx CRC Enable 
12582C-049A RTS 


SDLC/CRC-16 
Tx Enable 
Send Break 


Write Register 3 


| O10] Tx 5 Bits (or less)/Character 
| ol 1] Tx 7 Bits/Character 

| 1] 0} Tx 6 Bits/Character 
Li] 1} Tx 8 Bits/Character 


Rx Enable 

Sync Character Load Inhibit 
Address Search Mode (SDLC) 
Rx CRC Enable 

Enter Hunt Mode 

Auto Enable 






DTR 





12582C-052A - 






0] 0} Rx 5 Bits/Character 


9} 1] > Rx 7 Bits/Character a a 
mK _Rx 6 Bits/Character 
- Rx 8 Bits/Character . 
_ Write Register 6 





SYNC; SYNCe SYNCs SYNC, SYNC; SYNCz SYNC; SYNC.  Monosync 8 Bits 
SYNC; SYNCo SYNC; SYNC. SYNC; SYNCz2 SYNC; SYNCo Monosync 8 Bits 
SYNC; SYNCe SYNCs SYNCs SYNC; SYNC2 SYNC: SYNCo _ Bisync 16 Bits 


SYNC; SYNCz2 SYNC: SYNCo 1 1 | ee | Bisyne 12 Bits 

ADR; ADRs ADRs ADRs ADR; ADR: ADR: ADRo SDLC 

ARD;, ARDs ARDs ARD. 1 1 1 1 SDLC (Address 0) 
12582C-053A 


Figure 34. Write Register Bit Functions (continued) 
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Write Register 7 





SYNC; SYNC. SYNCs SYNC. SYNC; SYNC. SYNC; SYNCo Monosync 8 Bits 
SYNCs SYNC, SYNC3 SYNC2 SYNC, SYNCo 1 1 Monosync 8 Bits 
SYNCs SYNCw SYNCi2 SYNCiz2 SYNC SYNC SYNC, SYNCzs _ Bisync 16 Bits 
SYNCi11 SYNC SYNCs SYNCs SYNC, SYNCe SYNCs SYNC,  Bisync 12 Bits 

0 1 1 1 1 1 1 oO . SDLC 


12582C-054A 
Write Register 7’ 


Auto Tx Flag 

Auto EOM Latch Reset 

AutoRTS . 

TxD Pulled High in SDLC NRZI Mode 
Fast DTR/REQ Mode 

CRC Check Bytes Completely Received 
Extended Read Enable 

Must Be Set to "0” 





12582C-055A 


Write Register 9 é Write Register 11 





















a TRxC Out = XTAL Output 
DLC TRxC Out = Transmit Clock 
MIE TRxC Out = BR Generator Output 
Status High/Status Low TRxC Out = DPLL Output 
_Interrupt Masking TRxG O/I 
No Reset without INTACK* ‘ 
Channel Reset B O10} Transmit Clock = RIxC-Pin 
Channel Reset A | O}. 1} Transmit Clock = TRxC Pin 
Force Hardware Reset | 1] 0] Transmit Clock = BR Generator Output 
Lil 1] Transmit Clock = DPLL Output 
*Added Enhancement 
12582C-056A 0] 0} Receive Clock RTxC Pin 
| O| 1} Receive Clock TRxC Pin 


rT]0| Receive Clock = BR Generator Output 
Lili} Receive Clock = DPLL Output 


RTxC XTAL/No XTAL 
12582C-057A 


Figure 34. Write Register Bit Functions (continued) 
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Write Register 10 


6 Bit/8 Bit Sync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 








NRZ 
NRZ1I 

FM1 (Transition = 1) 
FMO (Transition = 0) 


CRC Preset I/O 


12582C-058A 
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Write Register 12 


TCo 
TC, 


TC 
TC, Lower Byte of 


TC, Time Constant 
TCs 
TCs 
TC, 
12582C—-059A 


Write Register 13 


Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 






Null Command 
Enter Search Mode 

Reset Missing Clock 
Disable DPLL 

Set Source = BR Generator 
Set Source = RTxC 

Set FM Mode 


Set NRZI Mode 12582C-061A 








* Added Enhancement 


TCs 
TCs 
ie Upper Byte of 
TC Time Constant 
TCis 
TCs 
TCs 


12582C-60A 


Write Register 15 


SDLC/HDLC Enhancements Enable* 
Zero Count JE 

10 x 19 Bit FIFO Enable* 

DCDIE 

Syne/Hunt IE 

CTS IE 

Tx Underrun/EOM IE 


Break/Abort IE 12582C-062A 


Figure 34. Write Register Bit Functions (continued) 





ESCC Timing 

The ESCC generates internal control signals from WR 
and RD that are related to PCLK. Since PCLK has no 
phase relationship with WR and RD, the circuitry gener- 
ating these internal control signals must provide time for 
metastable conditions to disappear. This gives rise to a 
recovery time related to PCLK. The recovery time ap- 
plies only between bus transactions involving the ESCC. 
The recovery time required for proper operation is speci- 
fied from the falling edge of WRor RD in the first transac- 
tion involving the ESCC, to the falling edge of WRor RD- 
in the second transaction involving the ESCC. This time 
must be at least 3 1/2 PCLK regardless of which register 
or channel is being accessed. 


Interrupt Acknowledge Cycle Timing 


Figure 37 illustrates Interrupt Acknowledge cycle timing. 
The ESCC may be programmed to respond to RD Low by 


Am85C80 


Read Cycle Timing 


Figure 35 illustrates Read cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CE1 falls after RD falls or if it 
rises before RD rises, the effective RD is shortened. CE2 
and DACK must be inactive. 








Write Cycle Timing 

Figure 36 illustrates Write Cycle timing. Addresses on 
A/B and D/C and the status on INTACK must remain sta- 
ble throughout the cycle. If CET falls after WR falls or if it 
rises before WR rises, the effective WR is shortened. 
Data must be valid before the rising edge of WR. CE2 and 
DACK must be inactive. 





placing its interrupt vector on DO—D7 and it then sets the 
appropriate Interrupt-Under-Service latch internally. 


a_A1 
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AB, D/C Address Valid 





INTAGK =p oe a 
a ee 
Do-D; (CX _Data Valid) 


12582C-063A 


Figure 35. Read Cycle Timing 


A/B, DIC Address Valid 


INTACK 





CE1 \ / 
wti‘(i‘(‘WCOC(VOUWNWNWNWUWUWUWUWUWUFTU!Ct™” 
Do~-D? , : Data Valid 


12582C-064A 


Figure 36. Write Cycle Timing 





TACK a 


Sk <<  K_vector_) 


" 12582C-065A 


Figure 37. Interrupt Acknowledge Cycle Timing 
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FIFO 

FIFO Enhancements 

When used with a DMA controller, the ESCC Frame 
Status FIFO enhancement maximizes the ESCC’s ability 
to receive high-speed back-to-back SDLC messages 
while minimizing frame overruns due to CPU latencies in 
responding to interrupts. 


AMD al 


Additional logic was added to the industry-standard 
NMOS Am8530H consisting of a 10-deep by 19-bit 
status FIFO, a 14-bit receive byte counter, and control - 
logic as shown in Figure 38. The 10 x 19 bit status FIFOis 
separate from the existing three-byte receive data and 
Error FIFOs. 





ESCC Status 
Reg (Existing 


6 Bits 


Overrun 
CRC Error 





Bit 7 


Interface to ESCC 


14-Bit Byte Counter 


Bit & Bits 0-5 FIEO Enable 
ere? Tage... 


Reset on Flag Detect 
Increment on Byte DET 
Enable Count in SDLC 


14Bits End-of-Frame Signa 


fe I ee ee ee ee 
Residue Bisa] OOOO 


10 x 19 Bit FIFO Array 












Tail Pointer 
4-Bit 
Counter 


Head Pointer 
4-Bit Counter 


4-Bit 
Comparator 
Over Equal 


ma eee Bit 2 Set 
Byte Counter Contains 14 Bits Enables Status FIFO 


for a 16-Kb Maximum Count 


FIFO Data Available Status Bit 
Status Bit Set to 1 
When Reading From FIFO 


FIFO Overflow Status Bit 
MSB of RR(7) is Set on Status FIFO 


Overflow 


In SDLC mode, the following definitions apply: 
e All Sent bypasses MUX and equals contents of ESCC Status Register 


e Parity bits bypasses MUX and does the same 
e EOF is set to 1 whenever reading from the FIFO 


12582C-O66A 


Figure 38. ESCC Status Register Modifications 


When the enhancement is enabled, the status in Read 
Register 1 (RR1) and byte count for the SDLC frame will 
be stored in the 10 x 19 bit status FIFO. This allows 
the DMA controller to. transfer the next frame into 
memory while the CPU verifies that the message was 
properly received. 


Summarizing the operation, data is received, assem- 
bled, and loaded into the three-byte receive FIFO before 
being transferred to memory by the DMA controller. 
When a flag is received at the end of an SDLC frame, the 
frame byte count from the 14-bit counter and five status 
bits are loaded into the status FIFO for verification by the 
CPU. The CRC checker is automatically reset in prepa- 
ration for the next frame which can begin immediately. 


Am85C80 


Since the byte count and status are saved for each 
frame, the message integrity can be verified at a later 
time. Status information for up to 10 frames can be 
stored before a status FIFO overrun could occur. 


If receive interrupts are enabled while the 10 x 19 FIFOis 
enabled, an SDLC end-of-frame special condition will 
not lock the three-byte Receive data FIFO. An SDLC 
end-of-frame still locks the three-byte Receive data FIFO 
in “Interrupt on first Receive Character or Special Condi- 
tion” and “interrupt on Special Condition Only” modes 
when the 10 x 19 FIFO is disabled. This feature allows 
the 10 x 19 SDLC FIFO to accept multiple SDLC frames 
without CPU intervention at the end of each frame. 
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FIFO Detail 


For a better understanding of details of the FIFO opera- 
tion, refer to the block diagram contained in Figure 38. 


Enable/Disable 


This FIFO is implemented so that it is enabled when 
WR'15 bit 2 is set and the ESCC is in the SDLC/HDLC 
mode, otherwise the status register contents bypass the 
FIFO and go directly to the bus interface (the FIFO 
pointer logic is reset either when disabled or via a chan- 
nel or power-on reset). When the FIFO mode is disabled, 
the ESCC is completely downward-compatible with the 
NMOS Am8530H. The FIFO mode is disabled on power- 
up (WR 15 bit 2 is set to “O” on reset). The effects of back- 
ward compatibility on the register set are that RR4 is an 
image of RRO, RR5 is animage of RR1, RR6is animage 
of RR2, and RR7 is an image of RR3. For the details of 
the added registers, refer to Figure 15. The status of the 
FIFO Enable signal can be obtained by reading RR15 
bit 2. If the FIFO is enabled, the bit will be set to “1”; other- 
wise, it will be reset. 


Read Operation 


When WR'15 bit 2 is set and the FIFO is not empty, the 
next read to status register RR1 or the additional regis- 
ters RR7 and RR6 will actually be from the FIFO. Read- 
ing status register RR1 causes one location of the FIFO 
to be emptied, so status should be read after reading the 
byte count, otherwise the count will be incorrect. Before 
the FIFO underflows, it is disabled. !n this case, the multi- 
plexer is switched to allow status to be read directly from 
the status register, and reads from RR7 and RR6 will 





ByteCount ——— 9 1234567 
Data Stream 
Internal Byte Strobe 
Increments Counter 
Don't Load Reset 
Counter On Byte Counter 
1st Flag Load Counter 
Reset Byte Into FIFO and 
Key Counter Here Increment PTR 
F : Flag 
A : Address Field 
D : Data 


C : Control Field 


PRELIMINARY 


contain bits that are undefined. Bit 6 of RR7 (FIFO Data 
Available) can be used to determine if status data is com- 
ing from the FIFO or directly from the status register, 
since it is set to “1” whenever the FIFO is not empty. 


Because not all status bits are stored in the FIFO, the All 
Sent, Parity, and EOF bits will bypass the FIFO. The 
Status bits sent through the FIFO will be Residue Bits (3), 
Overrun, and CRC Error. 


The sequence for proper operation of the byte count and 
FIFO logic is to read the registers in the following order, 
RR7, RR6, and RR1 (reading RR6 is optional). Addi- 
tional logic prevents the FIFO from being emptied by 
multiple reads from RR1. The read from RR7 latches the 
FIFO empty/full status bit (bit 6) and steers the status 
multiplexer to read from the ESCC megacell instead of 
the status FIFO (since the status FIFO is empty). The 
read from RR1 allows an entry to be read from the FIFO 
(if the FIFO was empty, logic is added to prevent a FIFO 
underflow condition). 


Write Operation 

When the end of an SDLC frame (EOF) has been re- 
ceived and the FIFO is enabled, the contents of the 
status and byte-count registers are loaded into the FIFO. 
The EOF signal is:used to increment the FIFO. If the 
FIFO overflows, the MSB of RR7 (FIFO Overflow) is set 
to indicate the overflow. This bit and the FIFO control 


‘logic is reset by disabling and re-enabling the FIFO con- 


trol bit (WR15 bit 2). For details of FIFO control timing 
during an SDLC frame, refer to Figure 39. 


23 45 6 7 





Internal Byte Strobe 
Increments Counter 





: Reset 
Byte Counter 


Reset 

Byte Counter 
Load Counter 
Into FIFO and 
Increment PTR 


12582C-067A 


Figure 39. SDLC Byte Counting Detail 


Byte Counter Detail 


The 14-bit byte counter allows for packets up to 16K 
bytes to be received. For a better understanding of its op- 
eration, refer to Figures 38 and 39. 


Enable 

The byte counter is enabled when the ESCC is in the 
SDLC/HDLC mode and WR'15 bit 2 is set to “1.” 
Reset , 


The byte counter is reset whenever an SDLC flag char- 
acter is received. The reset is timed so that the contents 
of the byte counter are successfully written into the FIFO. 


Increment 


The byte counter is incremented by writes to the data 
FIFO. The counter represents the number of bytes re- 
ceived by the ESCC, rather than the number of bytes 
transferred from the ESCC. (These counts may differ by 
up to the number of bytes in the receive data FIFO con- 
tained in the ESCC.) 
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6 6 5 4 2 2 1 0 
Bc | Bc | Bc | Bc |BC |BC 
FOY|FDA | 13 | 12 |11 | 10 |9 |8 


FIFO Data Available Status 
1 = Status Reads Will Come From FIFO 
0 = Status Reads Will Come From SCC 


RR7 






FIFO Overflow Status 
1 = FIFO Overflowed During Operation 
0 = Normal 


7 6 5 4 3 2 1 0 
Bc | BC |BC | BC | BC |BC | BC | BC Read From FIFO 


ENH: SDLC/HDLC Enhancement Status 
1 = Enhancements Enabled 
0 = Enhancements Disabled 


Status FIFO Enable Control Bit 


1 = Status and Byte Count Will be 
Held in the Status FIFO Until Read 


0 = Status Will Not be Held (SCC Emulation Mode) 





¢ = No Change From NMOS Am8530H DFN 
12582C-O68A 


Figure 40. ESCC Additional Registers 





ESCC SDLC/HDLC Enhancement Register Access status FIFO is enabled while bit DO determines whether 


SDLC/HDLC enhancements on the ESCC are enabled Or Not other enhancements are enabled via WR7’. Table 
or disabled via bits D2 or D0 in WR15. BitD2 determines 5 Shows what functions on the ESCC are enabled when 


whether or not the 10 x 19 bit SDLC/HDLC frame __ these bits are set. : 


Table 5. Enhancement Options 


WR15 Bit D2 WR15 Bit DO WR7’ Bit D6 
10 x 19 Bit SDLC/HDLC Extended Functions 
FIFO Enabled Enhancement Enabled Read Enabled Enabled 


10 x 19 bit FIFO 
enhancement enabled only 


SDLC/HDLC enhancements 
enabled only 


SDLC/HDLC enhancements 
enabled with extended read 
enabled 

10 x 19 bit FIFO and 
SDLC/HDLC enhancements 
enabled 

10 x 19 bit FIFO and 
SDLC/HDLC enhancements 
with extended read enabled 





When bit D2 of WR15 is set to “1,” two additional regis- register map when this function is enabled is shown in 
ters (RR6 and RR7) per channel specifictothe 10 x 19 Table 6. 
_ bit Frame Status FIFO are made available. The ESCC 
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Table 6.10 x 19 Bit FIFO Enabled 


oo 


ast oss oe I 4 OOD OVOOVOOO 
B=AsanwnDdDOH444D 000 
=—=—_{00- = 00+; 4 Oona = 


0 
0 
0 
0 . 
0 
0 
0 
0 
1 
4 
1 
1 
1 
1 
1 
1 


—me ees OOCOCOH-+=-0000 
]H3 4 OO AO0OO= 43 OO 400 


Bit DO of WR15 determines whether or not other en- 
hancements pertinent only to SDLC/HDLC Mode opera- 
tion are available for programming via WR7’ as shown 
below. Write Register 7 prime (WR7’) can be written to 
when bit DO of WR15 is set to “1.” When this bit is set, 
writing to WR7 (flag register) actually writes to WR7’. If 
bit D6 of this register is set to “1,” previously unreadable 





AOA OA 0OH02304040480 


3=O23 0230-04-02 020-80 


registers WR3, WR4, WR5, and WR10 are readable by 
the processor. In addition, WR7’ is also readable by hav- 
ing this bit set. WR3 is read when a bogus RR9 register is 
accessed during a read cycle. WR10 is read by access- 
ing RR11, and WR7’ is accessed by executing a read to 
RR14. The ESCC register map with bit DO of WR15 and 
bit D6 of WR7’ set is shown in Table 7. 





D7 D6 D5 D4 














DTR/REQ 
Fast Mode 


Ext. Read 
Enable 


Must Be Set 
to0 






Force TxD 


D3 D2 D1 DO 


SDLC/HDLC | SDLC/HDLC | SDLC/HDLC 
Auto RTS Auto EOM Auto 
Turnoff Reset Tx Flag 














High 


WR7’—SDLC/HDLC Programmable Enhancements* . 


*Note: 


Options 3, 4, 5, and 6 may be used regardless of whether SDLC/HDLC mode is selected. 
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Table 7. SDLC/HDLC Enhancements Enabled 


RR4B (WR4B) 
RR5B (WRS5B) 
(RR2B) 
(RR3B) 

RROA 

RRIA 

RR2A 

RR3A 

RR4A (WR4A) 
RR5A (WR5A) 
(RR2A) 
(RR3A) 


. With the Point High command: 


RR8B 
RRQ (WR3B) 
RR10B 

RR11B (WR10B) 
RR12B 

RR13B 

RR14B (WR7’B) 
RR15B 

RR8A 

RR9A (WR3A) 
RR10A 

RR11A (WR10A) 
RR12A 

RR13A 

RR14A (WR7A) 
RR15A 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


a oko koko i ae ae a Solo lola) 
—~aest OO] 00# 2002400 
-”"or/t0O0370+;0+/0+0;0-0 


Arr eB BMe ws OTOTDOOOOO 
”~-O0-00+-00--00 
7"? OH O]-0?;0;0;0;0+0 





If both bits DO and D2 of WR15 are set to “1” and D6 of 
WR’7’ is set to “1,” then the ESCC register map is as - 
shown in Table 8. 
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Table 8. SDLC/HDLC Enhancements and 10 x 19 Bit FIFO Enabled 


oo 


—a@gew rere st OOdddCOOd 


ae oe V2 OTC OHA232+4 0000 
Be -00-, 4 004 4 O04 4 


0 
0. 
0 . 
0 
0 
“0 
0 
0 
1 
1 
1 
1 
1 
1 
4 
1 


AsBrunuAnrDDDOOAmMAA D000 
HBA OOH 4-0 08R3400-2400 


Auto RTS Reset 


On the CMOS ESCC, if bit DO of WR15 and bit D2 of 
WR7’are set to “1” and the channel is in SDLC Mode, the 
RTS pin may be reset early in the Tx Underrun routine 


and the RTS pin will remain active until the last zero bit of 


Data Being Sent ———~ 








Tx Underrun/EOM 


RTS Bit D1 WR5 


RTS Pin (Active Low) 


(WR4B) 
(WR5B) 


(WR4A) 
(WRS5A) 


“"AOr-O0rf02+ 020000 


RR8B 
RRQ (WR3B) 
RR10B 

RR11B (WR10B) 
RR12B 

RR13B 

RR14B (WR7’B) 
RR15B 

RR8A 

RR9A (WR3A) 
RR10A 

RR11A (WRI10A) 
RR12A 

RR13A 

RR14A (WR7’A) 
RR15A 


“OA OoO-]-0+;0-0-0;0+0 





the closing flag leaves: the TxD pin as shown in Fig- 
ure 16. Note that in order for this to function properly, 
bits D3 and D2 of WR10 must be set to “1” and “0” 
respectively. 
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Figure 41. Auto RTS Reset Mode 
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CRC Character Reception 
NMOS Am8530H 


On the NMOS Am8530H , when the end-of-frame flag 
is detected, the contents of the Receive Shift Register 
are transferred to the Receive Data FIFO regardless of 
the number of bits accumulated. Because of the 3-bit de- 
lay between the Receive SYNC Register and Receive 
Shift Register, the last two bits of the CRC check charac- 
ter received are never transferred to the Receive Data 
FIFO. Thus, the received CRC characters are unavail- 
able for use. a 


CMOS ESCC 


On the ESCC, the option of being able to receive the 
complete CRC characters generated by the Transmitter 
is provided when both bit DO of WR15 and bit D5 of WR7’ 
are set to “1.” When these two bits are set and an end-of- 
frame flag is detected, the last two bits of the CRC will 
be clocked into the Receive Shift Register before its 
contents are transferred to the Receive Data FIFO.The 
data-CRC boundary and CRC character bit formatsfor 
each Residue Code provided is shown in Figures 42A 
through 42D for each character length selected. 
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Figure 42A. 5 Bits/Character 
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Figure 42B. 6 Bits/Character 
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Residue 
Code 


ee ee a 





Code 


LD | D [Co [Ci [Ce [Cs [Ca {Cs _| 
Cra 
Cis 
Bn hh i ee ae 





Residue 
Code 





Residue 
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Residue 
Code 


| D | DID [Co}C: [Cz [Cs |Ca | 
Cis 
el 





| D|D]D 1D |D [Co|C: |Ce | 
Co 
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Figure 42C. 7 Bits/Character 
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Residue 
Code 


012 
011 (No Residue) 





Residue 
ae 
000 (2 Residue Bits) 





Residue 
Code 


Q12 
010 (4 Residue Bits) 






| D| DID [D [Co }Ci [C2 |Cs | 
Cu 
Crs 
(a DEE) Ha a He 









Residue 
oe 
001 (6 Residue Bits) 


}o} oo Ip |p |p |p Jo 
foto [op [p> |p |coler | 
[Cal Cs] Ce [Cs |Ce [Cr [Cs [os 
[Caf Cal Cre Cr Cra|Cra| Cre] Cre 
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Residue 
coe 


111 (1 Residue Bit) 


| D | Col Ci | Co [Cs {Ca [Cs | Ce | 
Cus 
Cra] Cr4 
Be mrt me a 














100 (3 Residue Bits) 


| D | DD [Col Ci {Ce [Cs |Ce | 
Cra 
Cis 
ee es a ae DE 





Residue 
Code 
O12 


> ; 
110 (5 Residue Bits) 


|D}|D[D [OD [D [Co [Cs {Ce | 
Cro 
Crs 
er ee ee 












Residue 
Code — 


oe (7 Residue Bits) 
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Figure 42D. 8 Bits/Character 
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Auto Flag Mode 


On the NMOS Am8530H, if the transmitter is actively 
mark idling and a frame of data is ready to be transmitted, 
the MARK/FLAG idle bit must be set to “0” before data is 
written to WR8, otherwise the opening flag will not be 
sent properly. However, care must be exercised in doing 
this because the mark idle pattern (eight “1” bits) is trans- 
mitted eight bits at a time, and all eight bits must have 
transferred out the Transmit Shift Register before a flag 
may be loaded and sent. If data is written into the Trans- 
mit Buffer (WR8) before the flag is loaded into the Trans- 
mit Shift Register, the data character written to WR8 will 
supersede flag transmission and the opening flag will not 
be transmitted. 


On the CMOS ESCC, if bit DO of WR15 is set to “1,” and 
the ESCC is programmed for SDLC operation, an option 
is provided via bit DO of WR7’ that eliminates this require- 
ment. If bit DO of WR7’ is set to “1” and a character is writ- 
ten to the Transmit Buffer while the Transmitter is mark 
idling, the Mark/Flag Idle bitin WR10 need not be reset to 
“0” in order to have the opening flag sent because the 
Transmitter will automatically send it before commenc- 
ing to send data. 


In addition, as long as bit DO of WR15 and bit D1 of WR7’ 
are set to “1,” the CRC transmit generator will be auto- 
matically preset to the initial state programmed by bit D7 


of WR10 (so the Reset Tx CRC Generator command is. 


also not necessary), and the Tx Underrun/EOM latch will 
be reset automatically on every new frame sent. This en- 
sures that an opening flag and proper CRC generation 
and transmission will always be sent without processor 
intervention under varying bus latency conditions. 


Auto Transmit CRC Generator Preset 


The NMOS Am8530H does not automatically preset the 
CRC generator prior to frame transmission. This must be 
done in software, usually during the initialization routine. 
This is accomplished by issuing the Reset Tx CRC Gen- 
erator Command via WRO. For proper results, this com- 
mand must be issued while the transmitter is enabled 
and idling and before any data are written to the Transmit 
Buffer. 


In addition, if CRC is to be used, the transmit CRC gen- 
erator must be enabled by setting bit DO of WR5 to “1.” 
CRC is normally calculated on all characters between 
opening and closing flags, so this bit should be set to “1” 
at initialization and never changed. 


On the CMOS ESCC, setting bit DO of WRIS to “1” will 
cause the transmit CRC generator to be preset automati- 
Cally every time an opening flag is sent, so the Reset Tx 
CRC Generator Command is not necessary. 


AMD cl 


Auto Tx Underrun/EOM Latch Reset: 


On the ESCC, the transmission of the CRC check char- 
acters is controlled by the Transmit CRC Enable bit in 
WR5 (D0) and the Tx Underrun/EOM bit in RRO (D6). 
However, if the Transmit Enable bit is set to “O” when a 
transmit underrun (i.e., both the Transmit Buffer and 
Transmit Shift Register go empty) occurs, the CRC 
check characters will not be sent regardless of the state 
of the Tx Underrun/EOM bit. 


If the Transmit Enable bit is set to “1” when an underrun 
occurs, then the state of the Tx Underrun/EOM bit and 
the Abort/Flag on Underrun bit in WR10 (D2) determine 
the action taken by the Transmitter. The Abort/Flag on 


- Underrun bit may be set or reset by the processor, 


whereas, the Tx Underrun/EOM bit is set by the Trans- 
mitter and can only be reset by the processor via the Re- 
set Tx Underrun/EOM Command in WRO. 


If the Tx Underrun/EOM bit is set to “1” when an underrun 
occurs, the Transmitter will close the frame by sending a 
flag; however, if this bit is set to “0,” the frame data will be 
appended with either the accumulated CRC characters 
followed by a flag or an abort pattern followed by a flag, 
depending on the state of the Abort/Flag on Underrun bit 
in the WR10 (D2). In either case, after the closing flag is 
sent, the Transmitter will idle the transmission line as 
specified by the Mark/Flag Idle bit D3 in WR10. 


Hence, if the CRC check characters are to be properly 
appended to a frame, the Abort/Flag on Underrun bit 
must be set to “O,” and the Reset Tx Underrun/EOM 
Command must be issued after the first but before the 
last character is written to the Transmit Buffer. This will 
ensure that either an abort orthe CRC will be transmitted 
if an underrun occurs. Normally, the Abort/Flag on Un- 
derrun bit in WR10 should be set to “1” around the same 
time that the Tx Underrun/EOM bit is reset so that an 
abort will be sent if the transmitter accidentally under- 
runs, and then set to “O” near the end of the frame to allow 
the correct transmission.of CRC. 


On the ESCC, if bit DO of WR15 is set to “1,” the option of 


-having the Tx Underrun/EOM bit reset automatically at 


the start of every frame is provided via bit D1 of WR7’. 
This helps alleviate the software burden of having to re- 
spond within one character time when high-speed data 
are being sent. 


SDLC/HDLC NRZI Transmitter Disabling 

On the NUOS Am8530H, if NRZI encoding is being used 
and the Transmitter is disabled, the state of the TxD pin 
will depend on the last bit sent. That is, the TxD pin may 
either idle in a Low or High state as shown in Figure 43. 
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On the CMOS ESCC, an option is provided that allows 
setting the TxD pin High when operating in SDLC Mode 
with NRZI encoding enabled. If bit DO of WR15 is set to 
“1,” then bit D3 of WR7’ can be used to set the TxD pin 
High. Note that the operation of this bit is independent of 
the Tx Enable bit in WR5. The Tx Enable bit in WR85 is 
used to disable and enable the transmitter, whereas bit 
D3 of WR7’ acts as a pseudo transmitter disable and en- 
able by just forcing the TxD pin High when set even 


though the transmitter may actually be mark or flag - 


idling. Care must be used when setting this bit because 
any character being transmitted at the time this bit is set 
will be “chopped off,” and data written to the Transmit 
Buffer while this bit is set will be lost. 


When the transmit underrun occurs and the CRC and 
closing flag have been sent, bit D3 can be set to pull TxD 
High. When ready to start sending data again this bit 
must be reset to “0” before the first character is written to 
the Transmit Buffer. Note that resetting this bit causes 
the TxD pin to take whatever state the NRZ! encoder is in 
at the time so synchronization at the Receiver may take 
longer because the first transition seen on the TxD pin 
may not coincide with a bit boundary. Note that in order 
for this to function properly, bits D3 and D2 of WR10 must 
be set to “1” and “O” respectively. 


ittftofols}ititit sti] of o 





- Transmitter Disabled Here | 


TxD Pin Output (NRZI Encoded) 


Hi. ; 
o | | 


12582C-074A 


Figure 43. Transmitter Disabling with NRZI Encoding 


Interrupt Masking Without INTACK 


The NMOS Am8530H's ability to mask lower priority in- 
terrupts is done.via the IUS bit. This bit is internal to the 
ESCC and is not observable by the processor. Being 
able to automatically mask lower priority interrupts al- 
lows a modular approach to coding interrupt :outines. 
However, using the masking capabilities of the NUOS 


ESCC requires that the INTACK cycle be generated. In 


stand-alone applications, having to generate INTACK 
through external hardware in order to use this capability 
is an unnecessary expense. 


Onthe CMOS ESCC, if bit D5 in WR is set to “1 
TACK cycle does not need to be generated in order to 
have the IUS bit set. This allows the user to respond to 
ESCC interrupt requests with a software acknowledg- 
ment through RR2. When bit D5 in WR9 is set and an in- 
terrupt occurs, a read to RR2 emulates a hardware Inter- 
rupt Acknowledge cycle as it functions in Vectored Mode. 
inthis case the CPU must first read RR2 to determine the 
internal interrupt source and then jump to the appropriate 
interrupt routine. Reading RR2 sets the IUS bit for the 
highest priority IP. After the interrupting condition is 
cleared, the routine can then read RR3 to determine if 
any other IPs are set and clear them. At the end of the in- 
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terrupt routine, a Reset |IUS Command must be issued to 
unlock the internal daisy chain. 


Since the CPU can acknowledge the ESCC of highest 

priority with a read of its RR2 interrupt vector, there is no 

need for an external daisy chain. When acknowledging 

an ESCC interrupt request, the CPU must issue one read 

to RR2 per interrupt request. The modified interrupt vec- 

tor can be read from Channel B, or the original vector 

stored in WR2 can be read from Channel A. Either action © 
will produce the same internal actions on the IUS logic. 

Note that the No Vector and Vector Includes Status bits 

in WR9 are ignored when bit D5 in WR39 is Set to “1.” 


1 Mb/s FM Data Transmission and Reception 


The 8-MHz version of the CMOS ESCC (ESCC-8) is ca- 
pable of transmitting and receiving FM-encoded data at 
the rate of 1 Mb/s. This is accomplished by applying a 
16-MHz clock to the RIxC pin and assigning this 
waveform to drive the Internal Digital Phase Locked 
Loop (DPLL) clock. This feature allows the user to send 
both clock and data information over the same line at 
1 Mb/s and can eliminate external DPLLs required for 
high-speed NRZ data clock generation. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature. —65 to +150°C Commercial (C) Devices 7 

Voltage at any Pin Ambient Temperature (Ta) ~ 0 to +70°C 
Relative to Vss —-0.5 to+7.0 V Supply Voltage (Vcc) . +5V+5% 


Stresses above those listed under ABSOLUTE MAXI- _—_ Operating ranges define those limits between which the 
MUM RATINGS may cause permanent device failure. _ functionality of the device is guaranteed. — 
Functionality at or above these limits is not implied. Ex- 

posure to absolute maximum ratings for extended peri- 

ods may affect device reliability. 


DC CHARACTERISTICS over operating ranges 


Parameter Parameter 
ae ae Test Conditions 










| input High Voltage | High Voltage Zt | Vcc 40.3", +0.3* faye 
et hte | ae | vee) 
Vow | OutputHighVotage | lm =-S0mA «| ==? | TSC 
Vows | Output HighVoltage | lon = -250uA(Note2) | Voo-08 | —*«| —V 
Vow Output Low Voltage ae +48 mA (Note 1) V 
hi | _inputLeakage | O4V<Vns24vV UT | 10.0 | AT 









SCSI Bus Pins Vu = 5.25 V, ee 

Except RST Vi = 0 +50 

0.4 Vs Vour$ 2.4 V os 
Vee Supply Current CLK = 8 Mkz, inputs at mA 

Input Capacitance Unmeasuredpinsreturned | == | ~~ 10] pF | 

Output Capacitance toground.f = 1MHzover | =. | 15 | pF 


Bidirectional Capacitance | specified temperature range ae or 


Except SCSI Bus Pins 
























*Vin Max. and Vi. Min. not tested. Guaranteed by design. 


Notes: 
1. SCSI Bus Pins only. 
2. SCC outputs only. 


Standard Test Conditions 


The characteristics below apply for the following stan- 
dard test conditions, unless otherwise noted. All voltages 
are referenced to GND. Positive current flows into the 
referenced pin. Standard conditions are as follows: 


+4.75 V < Voc < +5.25 V 
GND = OV 
0°C < Ta < 70°C 
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SWITCHING TEST CIRCUITS 


Standard Test Dynamic Load Circuit Open-Drain Test Load 













+5V 
| lou =2.4mA 
Threshold 2.2K 
Voltage : 
From Output From Output 
Under Test Under Test 
Vr=1.4V _f 100 pF 
— 100 pF 
| lon =3mA I 
12582C-075A 12582C-076A 
SWITCHING TEST INPUT/OUTPUT WAVEFORM 
24V : 
a Points 
04V 0.8V 0.8 V, 
12582C-O077A 


AC testing: Inputs are driven at 2.4 V fora logic “1” and 0.4 V for a logic “0.” 
Timing measurements are made at 2.0 V for a logic “1” and 0.8 V for logic “0.” 


KEY TO SWITCHING WAVEFORMS. 


WAVEFORM 
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INPUTS 


Must be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 
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OUTPUTS 


Will be 
Steady 


Will be 
Changing 
from HtoL 


Will be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High- 
Impedance 
“Off” State 
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range 
General Timing (see Figure 44) 


TdPC(REQ) PCLK 1 to W/REQ Valid Delay 
TdPC(W PCLK J to Wait Inactive Dela 


TsRXC(PC) RxC T to PCLK T Setup Time 
Notes 1,4 8&8 
TsRXD(RXCr) RxD to RxC T Setup Time 
X! Mode) (Note 1 
ThRXD(RXCr) RxD to RxC T Hold Time 
X1 Mode) (Note 1 
TsRXD(RXCf) RxD to ina ‘ Setup Time 
ALWViOGe 
ThRXD(RXCf) RxD to RxC mn Hold Time 
Xl Mode) (Notes 1,5 
TsSY(RXC) lea to RxC T Setup Time 
ThSY(RXC) SYNGE to RxC T Hold Time 
Note 1 
TsTXC(PC) ae A to pos T Setup Time 


TdTXCf(TXD) ine 1 to TxD Dey (Xt Mode) 
Note 
TdTXCr(TXD) TxC T to TxD Delay (XI Mode) 
Notes 2,5 
TdTXD(TRX) TxD to TAxC Delay 
Send Clock Echo 


af TwRTXh RIxC High Width (Note 6 


Ei 


ie TxG High Width (Note 9 
TxC Low Width (Note 6 
16a 
>| tetue) te Time aie) 


0} Fp} | 


— —h 
i— OO lo mw mM 


TwSY 





Notes: 

RxC is RTxC or TRxC, whichever is supplying the receive clock. 

TxC is TRxC or RTXC, whichever is supplying the transmit clock. 

Both RTxC and SYNCA have 30-pF capacitors to ground connected to them. 

Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC 

and PCLK or IxC and PCLK is required. 

Parameter applies only to FM encoding/decoding. 

6. Parameter applies only for transmitter and receiver, DPLL ae baud rate generator timing requirements are identical to chip 
PCLK requirements. 

7. The maximum receive or transmit data is 1/4 PCLK. 

8. External PCLK to RxC or TxC synchronization requirement eliminated for PCLK divide-by-four operation. 
TRxC and RTXC rise and fall times are identical to PCLK. Reference timing specs Tfpc and Trpe. 
Tx and Rx input clock slow rates should be kept to a maximum of 30 nsec. All parameters related to input CLK edges should 
be referenced at the point at which the transition begins or ends, whichever is worst case. 

9. ENHANCED FEATURE— RIXxC used as input to internal DPLL only. 








PFoON> 


n 
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PCLK 


W/REQ 
Request 


W/REQ 
Wait 


RIxC, TRxC 
Receive 


RxD 


SYNCA 
External 


TRxC RIxC 
Transmit 


TxD 





TRxG 
Output 


RIxG 


SYNCA 
Input 
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Figure 44. General Timing 
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 


System Timing (See Figure 45) 
ees 


a ae ce ee 

Symbol Parameter Description 

A hecccalll |" nteciaal A 
(Note 2) 

A bel | 47 neetan ll OL 
(Notes 1, 2) oe 

Da lene dE hate A 
Note 2 

a re toes 
NOLE 

DE Cc BMY Trl a ERS 

NOTE 














TdTXC(W) | TxC J to Wait Inactive Delay 
Notes 1,3 
_TdTXC(DRQ) TxC | to DIR/REQ Valid Delay 
Note 
TdTXC(EDRQ) TxC J to DTR/REQ Valid Delay. 
Nore 
TATXC(INT) TxC J to INT Valid Delay 
TdSY(INT) ae Transition to INT Valid 2 
INOte 
TdEXT(INT) — Transition to INT 
Valid Delay (Note 1 
Notes: 
1. Open-drain output, measured with open-drain test load. 
2. RxC. is RTxC or TRxC, whichever is supplying the receive clock. 


3. TxC is TRxC or RTXC, whichever is supplying the transmit clock. 
4. Parameter applies to Enhanced Request mode only. 
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ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Read and Write Timing (See Figure 46) 7 


































Parameter _ 
ee ee pea ee 
| 1 | twect | PCLKLowWidth ~~ || 50S 2000 | ~—26_—| 2000 | ns 
| 2 [| Twech | PCLKHighWidth =| 50S |_ 2000 | 26 =| 2000 | ns 
3 | TPG PCLK FallTime = ns 
| 4 [tec si PCLKRiseTime | SC ts | Cs 
| 5 | tPC | PCLKCycleTime ss] 122 =| ~4000 :| 61_| 4000 | ns 
| 6 | TsA(WR) | AddresstoWR1SetupTime | 70 | | 35 | | ns_| 
[| 7 | ThAWR) | AddresstoWRTHoldTime = [| oo | CT Ts 
| TsA(RD) | AddresstoRD J SetupTime | 70 | | 35 | | ons 
ae ee 
| 10 | Tsia(PC) | INTACKtoPCLKTSetupTime | 20 | | 15 | | ins _| 
ote 1 
INTACKtoWRTHold Time =| o | | o | | ns | 
Note 4 aes: 
ThIAK(RD | INTACKtoRDTHoldTime | o | |  o | | ons | 
| 15 | ThiA(Pc) | INTACKtoPCLKTHoldTime | 40 | | is | | ns | 
| 16 _| TsCENWR) | CE7LowtoWRJSetuptime [| o | =| o | | ns | 
| i7_| Thcewr) | CETtoWRTHoldTime | o | | o {| | ns | 


gh. to WR etun fim 
ci fewer —[grgrerw isnt |e [fe [= 
| 20 _| a aay a ae ee oe 


() | ThCEIRD) _| Oo RD | Hold time (Note 0 0 n 
Pa [een [epgperewtoe |e | [= |p = 










|_23 | TdRD(DRA) _|_ AD Lto Read Data Active Delay | 0 _ ee re 

PH [aon [Retemesaneme [6 [fe fe 
Lela 

| os | TaRDIDR adDataValidDeiay | | _14o | | 0 | ns 

[2 [soon —Tegrenectmemeowy | @ [f= [= 
WOte 


Notes: 


1. Parameter does not apply to Interrupt Acknowledge transactions. 


2. Float delay is defined as the time at which the data bus is released from its drive state with a maximum DC Load and mini- 
mum AC load. 
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RIxC 
TRxC 
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W/REQ 
Request 
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=——= I 
WREQ suits = —— Sef 


Wait 


DTR /REQ 
Request 


—| 


iw) 
ie) 
iw) 


Input 


Figure 45. System Timing 
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D0-D7 
Write 


W/REQ 
Wait 


WREQ. 
Request 





DTR/REQ 
Request 


INT 
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Figure 46. Read and Write Timing 
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* ESCC SWITCHING CHARACTERISTICS over COMMERCIAL operating range (continued) 
Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 47-49) 














Symbol Parameter Description | Min. | Max. | Min. | Max. | 
eee ee ee 
Data Valid Dela 
| 28 | twwal | WRtowwidth | ts] 5 | ns 
| 29 | TAwRKDW) | WAtoWriteDatavalid | | 85 | 20s 
| 30 | ThOWwWR) | WriteDatatoWRTHold Time | 0 [| | 10 | | 
| 31 _| TawR(W) | WR to Wait Valid Delay (Note2)] | i7o_ | | 50 | ns 
| 32 | TARDW) | RD L to Wait Valid Delay (Note2)| | tvo_ | | | ns 
en ee 
34 | TdRD(REQ) | RD LtoWREQNotValidDelay | | 170_ | | 70 | ns 
| 35a_| TaWRr(REQ) | WRI toDTA/REQNot ValidDelay| | 4.0TcPc | | 4.0 cP |" ns _| 
| 356 | TAWR(EREQ) | WA!toDTA/REQ Not ValidDelay| Ss | 120 | | 70 | ins 
| 36__| TdRD(REQ) | RDTDTIAVREQNot Valid Delay | S| NA | | NA ons 
Hdl nino SARE "nce AE SE Ml RW a 
(Note 2) 
ee ee 
ela 
io] TeRORGR)—P RO pcan eRead |e) et 
Data Valid Dela ; 
ime 
ThIE|(RDA) IE110 RD T (Acknowledge) Hold ah, ie es a ee 
ime 
| 43 | ToEVIEO) | IEIto EO DelayTime =| CC] CC ns 
TAPC(IEO) | POLK TtolEODelay | | Tt ts 
ote 2 
TARDWRQ) | RDTtoWRIDelayforNoReset | 15 | | 10 | | ins 
|__47_| TAWRQ(RD) __ | WRT toRD!DelayforNoReset | 15 {| [| 10 | ns 
Bal biol | sieht ac ORS PS 
Reset 
(Note 1) 





Notes: 


1. Parameter applies only between transactions involving the ESCC, if WAVRD falling edge is synchronized to PCLK falling 
edge, then TrC = 3TcPc. , 
2. Open-drain output, measured with open-drain test load. 
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Figure 47. Reset Timing 





ee a oe a ce 


12582C-082A 
Figure 48. Cycle Timing 


i a 
INTACK \ : | _—, x 
a | . . | ica | | 
| | 
t—t-o—+! 
| | HO Ul 
po-07 ——________|______1_- " | —— , | 
| +—@—+} =o | 


12582C-083A 


Figure 49. Interrupt Acknowledge Timing 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS 
DMA Write (Non-Block Mode) Target Send Cycle (see Figure 50) 


DACK Hold from End of WR 
Data Setup to End of Write Enable* 
Data Hold Time from End of WR 


*Write Enable is the occurrence of WR and DACK 
Note: 
1. EOP, WR, and DACK must be concurrently True for at least T7 for proper recognition of the EOP pulse. 








DRQ 
j+~— T1 — T2 
™ eee 
, T3 T4 


WR 
T5 T6 = 


FOB ————— = 
Ts —> /-—— t9 ——> 


ss ~+¥——> T10 ee | 
f-—Ti2—>| -+#———— 113 ————> 


ie) (///) 
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o 


| 


Oo 
iss) 
vu 


Figure 50. DMA Write (Non-Block Mode) Target Send Cycle 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
DMA Write (Non-Block Mode) Initiator Send Cycle (see Figure 51) 


— 2 ee ee 
Symbol! Description — 
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*Write Enable is the occurrence of WR and DACK 
Note: aren 
1. EOP, WR, and DACK must be concurrently True for at least T7 for proper recognition of the EOP pulse. 
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Figure 51. DMA Write (Non-Block Mode) Initiator Send Cycle 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
DMA Read (Non-Block Mode) Target Receive Cycle (see Figure 52) 


Symbol Description 


ACK False to REQ True (DACK False) 
Data Setup Time to ACK 
Data Hold Time from ACK 


*Read Enable is the occurrence of RD and DACK 
Note: 
1. EOP, RD, and DACK must be concurrently True for at least T6 for proper recognition of the EOP pulse. 
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Figure 52. DMA Read (Non-Block Mode) Target Receive Cycle 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
DMA Read (Non-Block Mode) Initiator Receive Cycle (see Figure 53) _ 


ae ee ee ee 
Symbol Description 
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Data Hold Time from REQ 


*Read Enable is the occurrence of RD and DACK 
Note: 
1. EOP, RD, and DACK must be concurrently True for at least T6 for proper recognition of the EOP pulse. 
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Figure 53. DMA Read (Non-Block Mode) Initiator Receive Cycle 


3-68 Am85C80 


PRELIMINARY AMD &\ 


SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
DMA Write (Block Mode) Target Send Cycle (see Figure 54) 


Parameter Parameter 
Symbol Description 


DRQ False from DACK True 






Write Recovery Time 


Write Enable Width* 
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*Write Enable is the occurrence of WR and DACK 
Note: 
1. EOP, WR, and DACK must be concurrently True for at least T6 for proper recognition of the EOP pulse. 
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Figure 54. DMA Write (Block Mode) Target Send Cycle 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
DMA Read (Block Mode) Target Receive Cycle (see Figure 55) 


mer [ome ee 
Symbol Description 
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*Read Enable is the occurrence of RD and DACK 


Note: eueeie 
1. EOP, RD, and DACK must be concurrently True for at least T5 for proper recognition of the EOP pulse. 


RD False to REQ True (ACK False) 
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Figure 55. DMA Read (Block Mode) Target Receive Cycle 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
Reset 


Parameter Parameter 
Symbol Description 


Minimum Width of RESET 100 





RESET ee um eg 5 ee, ee 
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Arbitration 


Symbol Description 
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SCSI SWITCHING CHARACTERISTICS/WAVEFORMS (Continued) 
CPU Write Cycle 


[er [ome [Te [| ef 
Symbol Description 

| TH | Address SetuptoWriteEnabley | to | ns 
Pte | Address Hold trom end Write Enable | oo =| |r 
| 3 WrteEnablewietr” | to | ts 
| TH | chip SetectHoidtromendot WA | | ns 
2 ee ees Cae ee 
Fo | | = 





Data Setup to End of Write Enable 


Data Hold Time from End of WR 


“Write Enable is the occurrence of WR and CE2. 
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CPU Read Cycle 


Parameter Parameter 
Symbol! Description 


Address Setup to Read Enable* 10 hoo =. at 


10 
40 
20 
. 30 





CE2 







*Read Enable is the occurrence of RD and CE2. 
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SLEEP MODE 


The Am85C80 has a “sleep mode” feature which is ex- 
tremely desirable in designing low power systems such 
as laptop, notebook and tablet PCs. Basically, the “sleep 
mode” feature saves power consumption by shutting 
down all the active circuitries when they are not in use, 
while keeping the necessary register values. While in 
“sleep mode,” any incoming clock has to be stopped, all 
internal Voltage Controlled Oscillators and Ring Oscilla- 
tors should be disabled, and to avoid driving any resistive 
load, the outputs have to be in tri-state. System design- 
ers should take necessary precautions to ensure no 
glitches occur when the system clock is being stopped or 
started. This is a key design issue for systems with clock 
stop/start capability. 


The Am85C80’s sleep mode has been designed so that 
the two different portions of the device (SCSI and SCC) 
may be powered down separately or together, depend- 
ing onuser needs. For example, a SCSI disk can be shut 
down while serial communication is active, or the serial 
ports can be shut down while data is transferring to/from 
the disk. To utilize the least current (typical 80 1A), both 


RD 
CE2 


RESET 
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the SCSI and SCC can be powered down, and this state 
is called “Deep Sleep.” Ifa user exercises a shut down 
and wake up session into and out of “Deep Sleep,” the 
Am85C80 will save all its SCC register values. On the 
other hand, its SCSI register values will be destroyed, 
and the user has to program the SCSI portion once the 
device is out of the “sleep mode.” 


From the design point of view, the clock and host inter- 
face of the Am85C80 are crucial. The SCSI timing gen- 
erator has an internal oscillator that is used for Arbitration 
and Selection timing defined in the ANSI X3.131-1986 
standard. Because WR is synchronized with PCLK, the 
SCC writing registers are blocked when PCLK is 
stopped. However, any read and write to SCSI is unaf- 
fected by PCLK since it is stillasynchronous. This fea- 
ture enables SCSI and SCC portions of Am85C80 to be 
in “sleep mode” separately or together. Typically, only 
the SCSI or SCC portion of a Am85C80 will be active. 
The diagram below is a simplified block diagram of the 
Am8s5C80 drawn to address the power down mode. 


DO-D7 
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Simplified Block Diagram of the Am85C80 
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Guidelines for Designing Battery Powered Computers Using the Am85C80: 


1. 






PCLK 


fe) 


To save power, power-on reset (POR) circuitry is not 
implemented in the Am85C80. A user needs to do a 
soft reset, or assert both RD and WR simultaneously 
to cause a hard reset to the SCC portion. 


..In order to ensure the outputs (data lines) are inac- 


tive, either: 


a) RD should be kept at logic 1, or 
b) CE1 and CE2 should be kept at logic 1. 


In order to put the SCC portion into “sleep mode.” 
PCLK should be stopped at a logic 1 or 0 level. Users 
should ensure PCLK is stopped and started cleanly, 
with no double clocking or glitches. PCLK should be 
stopped a minimum of two cycles of PCLK before and 
after the access to the SCC. 


SCC power down 


Clock stopped, high or low 


E1 / N° 
Stopped at logic 1 


4. Inorderto put the SCS! portion into “sleep mode,” RE 
SET should be asserted logic 0 to stop internal timing 
generator as shown on the diagram. RESET signal, 
which affects only the SCSI portion, can be asserted 
any time even in the middle of a CPU read or write. 

- (Attention should be given to the software to first ter- 
minate any SCS! bus activity by going into bus free 
phase to avoid troubles onthe SCSI bus when RESET 
is asserted.) . 


5. Inorder to putthe Am85C80 into “Deep Sleep” mode, 
the user should put both the SCC and SCSI portion 
into their respective “sleep modes.” This is done by 
both stopping PCLK and asserting RESET. 











The above guide lines are for designing the laptop com- 
puters using Am85C80. The following is a typical timing 
diagram the one could use. It is recommended that while 
the chip is in “Deep Sleep” mode, CET, CE2, RD, and WR 
are at logic 1. 
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SCC Power Down Mode (SCC PCLK Stopped) 
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CLOCK stopped, or driven 


PCLK 
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SCSI Power Down (RESET Held Low) 
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CHAPTER 4 
Interface Products 


Am26LS29 Quad Three-State Single Ended RS-423 
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Am26LS29 


Quad Three-State Single Ended RS-423 Line Driver 


DISTINCTIVE CHARACTERISTICS 


@ Four single ended line drivers in one package 
for maximum package density 


Output short-circuit protection 
Individual rise time control for each output 
High capacitive load drive capability 


Low Icc and lee power consumption 
(26mW/driver typ.) 


™ Meets all requirements of RS-423 


GENERAL DESCRIPTION 


The Am26LS29 is a quad single ended line driver, de- 
signed for digital data transmission. The. Am26LS29 
meets all the requirements of EIA Standard RS-423 and 
Federal STD 1030. It features four buffered outputs with 
high source and sink current, and output short circuit 
protection. 


Aslew rate control pin allows the use of an external ca- 
pacitor to control slew rate for suppression of near end 
cross talk to receivers in the cable. 


BLOCK DIAGRAM 


Input A 


Input B 


Input C 


Input D 


Vcc 
GNDB-—— 
VEE 


Publication# 04599 Rev. B Amendmentv/0 


Issue Date: May 1991 





Advanced 
Micro 
Devices 


™ Three-state outputs for bus oriented systems 


@ Outputs do not clamp line with power off. 
Outputs are in high-impedance state over entire 
transmission line voltage range of RS-423 


m@ Low current PNP inputs compatible with TTL, 
MOS and CMOS 


@ Available in military and commercial 
temperature range 


mM Advanced low.power Schottky processing 


The Am26LS29 has three-state outputs for bus oriented 
systems. The outputs in the high-impedance state will . 
not clamp the line over the transmission line voltage of 
RS-423. A typical full duplex system would use the 
Am26LS29 line driver and up to twelve Am26LS32 line 
receivers or an AM26LS32 line receiver and up to thirty- 
two Am26LS239 line drivers with only one enabled at a 
time and all others in the three-state mode. 


The Am26LS29 is constructed using advanced low- 
power Schottky processing. 


SR Control A 


Output A 


SR Control B . 


Output B 


SR Control C 


Output C 


SR Control! D 


Output D 


ENABLE 
04599-001A 


4-3 


zl AMD 
RELATED PRODUCTS 


Part Number | Description 
26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
~ 26LS32 Quad Differential Line Receiver - 


26LS33 Quad Differential Line Receiver 





CONNECTION DIAGRAMS 













Top View 
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Note: 
Pin 1 is marked for orientation 
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TYPICAL APPLICATION 


ENABLE 






Data 1/4 
Input Am26LS29 tas 
Output 





Common Ground 
Return 


Data 
Input 


1/4 
Am26LS29 
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ORDERING INFORMATION 
Standard Products 


AMD products are available in several packages and operating ranges. The ordering number (Valid Combination) is formed 


by a combination of: 
c BO! | 


AM26LS29 P 


ALTERNATE PACKAGING OPTION 


OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to 70°C) 





ACKAGE TYPE 
16-Pin Plastic DIP (PD 016) 
16-Pin Ceramic DIP (CD 016) 


Pp 
P 
D 
S = 16-Pin Small Outline (SO 016) 





SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS29 
Quad Three-state Single Ended RS-423 Line Driver 


PC, PCB, Valid Combinations 
AM26LS29 DC, DCB, - The Valid Combinations table lists configura- 
sc : tions planned to be supported in volume for 


this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 








4-6 Am26LS29 


AMD al 


ORDERING INFORMATION 
Standard Military Drawing Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard 


Military Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The ordering number for SMD/ 
DESC (Valid Combination) is formed by a combination of: 


E A 
LEAD FINISH 
A = Solder Dip 
CASE OUTLINE 


E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 


5962-87670 01 





MILITARY DEVICE TYPE 
01 = Am26LS29 


MILITARY DRAWING NUMBER/DESCRIPTION 
5962-8767001 


5962-87670011 EA, FA 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ORDERING INFORMATION 
APL Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Ap- 


proved Products List) products are fully compliant with MIL-STD-883C requirements. The ordering number (Valid Combina- 
tion) is formed by a combination of: 





AM26LS29 /B E A 
i. 2 LEAD FINISH 
, A = Hot Solder Dip 
PACKAGE TYPE (per 09-000) 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 
2 = 20-Pin Leadless Chip Carrier (CL 020) 
- DEVICE CLASS 
/B = Class B 
SPEED OPTION 
Not Applicable 
’ DEVICE NUMBER/DESCRIPTION 
Am26LS29 
Quad Three-state Single Ended RS-423 Line Driver 
Valid Combinations 
AM26LS29 /BEA : ee ; : 
IBFA The Valid Combinations table lists configura- 
/B2A tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 





fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature Range —65°C to +165°C Commercial (C) Devices 

Supply Voltage: Temperature (Ta) _ 0°C to +70°C 
V+ 7.0V Supply Voltage (Vcc) +4.75 V to +5.25 V 
Ve —7.0V (Vee) —4.75 V to -5.25 V 

Power Dissipation 165 mW a 

Input Voltage -~1.5t0 +15 V Military <M) Devices 7 

Enable Voltage HBV Temperature (Ta) -55 to +125°C 

‘ Supply Voltage (Vcc) +45 V1t0+5.5V 
Output Sink Current 300°C (Vee) -4.75 Vto-5.5V 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


Operating ranges define those limits between which the func- 
tionality of the device is guaranteed. 





DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter 
Symbol Parameter Description Test Conditions Typ. 
(Note 1) 
ar “lies ene eo aan 
Lee mana ee ee 
it ouavomewosgn [ved-Ived-tn|vwseav] se [an [|v 
Vr ME Reine ees —lhsed50.@ Vw-04v|-36| 41] | V_ 
{Vr| —|Vi | Output Unbalance (Note 4) | |Vccl =|Veel, RL= 4502 | | 002 | 04 | Vv | 
pS Vo-10V [ft 100 | BA 


alee gc [Vooevee=ov  fo==ta [100 a 
—_ Output Short Circuit Current | or 7 | Veal = Max|Vin - 2.4V|{ -20 | -80 |-150 | mA _| 


(ote 6 vo-ov [vw-0av [20 [80 | 150 [ma | 


Positive Supply Current Vin = 0.4 V, Ri=le, 18 30 mA 
|Vccl =| Vee] = Max. 

Negative Supply Current Vin = 0.4 V, RL=le, -10 | -22 | mA 
| Vecl =|Veel = Max. 


Off State (High Impedance) | Vcc = Max Vo. 10V | | | 100 | pA | 
2} tp care [Vecl =|Veel =Max[Vo.-10V [| __‘[=100_[ HA | 
[Vu [ Hightevelinpuivorage fie | OT 


[vir] Tow Level input Votage [Note Sd SCY SCC 
v= 240 [ved vad wae] [| 40 | aa 


NH “— Level Input Current Vin < 15 V, Vcc = 5.5 V, 
Vee = —5.0 (Note 5) 


_— Low Level Input Current Vin = 0.4V,|Vccl =|Veel =Max.| | -30 |-200 | pA | - 


Input Clamp Voltage lin = —12mA, Vcc = Min., -1.5 
VEE = Max. 


Notes: 


Typical limits are at Vcc = 5.0 V, VeE = —5.0 V, 25°C ambient and maximum loading. 

Symbols and definitions correspond to EIA RS-423 where applicable. 

Output voltage is +3.9 V minimum and -3.9 V minimum at -55°C. 

This parameter is tested by forcing an equivalent current. 

VEE = —5.0 V due to tester limitation. 

Not more than one output should be shorted at a time. Duration of short circuit test should not exceed one second. 
Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters. 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0V) 


Parameter | 
Symbol | Parameter Description | Test Conditions 
Rise Time Ri = 450 Q, CL = 500 pF,| Cc = 50 pF 
Fig. 1 Cc =0 pF 
Fall Time Rt = 450 Q, Ci = 500 pF, |Cc = 50 pF 
Fig. 1 . Cc = 0 pF 
Output Propagation - {Ri =450Q, CL=500pF, 
Delay Cc =0 pF 


tLz Ri = 100 Q, Ci. = 500 pF, 
Cc = 0pF, Fig. 2 


Output Enable to Output 
ie ee ee Ri = 100 2, CL = 500 pF, 
7 Cc = 0 pF, Fig. 2 





t 
| ns 
bar < 
oa ed 
Output Propagation . Ri = 450 Q, C. = 500 pF, _ : 
Delay Cc = 0 pF 
tz 





Parameter 
Symbol | Parameter Description | Test Conditions 
Rise Time Rt = 450 Q, 
-| Ci = 500 pF, Cc = O pF 
Fall Time Ri = 450 Q, . 
Ci = 500 pF, Cc = 0 pF 
‘todh Output Propagation Rt = 450 Q, 
' | Delay Ci = 500 pF, Cc = 0 pF 
Output Propagation Ri = 450 Q, 
Delay Cx. = 500 pF, Cc = 0 pF 
















tLz Rt = 100 Q, ; 
Ci = 500 pF, Cc = 0 pF 
ZH 











Output Enable to Output 





Ri = 100Q, 
Ci = 500 pF, Cc = 0 pF 
Ri = 100 Q, 
Ci = 500 pF, Cc = 0 pF 








Cr = 500 pF, Cc = 0 pF 
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SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


Output 





04599-007A 


Figure 1. Rise Time Control 


SWITCHING TEST CIRCUIT SWITCHING TEST WAVEFORM 


3.0 V 








Output OV 
tPHZ 


0.9Vss/RL 





(Input A High) 





tptz Output 0.9Vss/RL 


(Input A Low) 0.1Vss/RL 0.5Vss/RL 
04599-008A ; 


| 
VEE 4 Am26LS29 
L 


04599-009A 


Figure 2. Three-State Delays 
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cl AMD 
Am26LS29 EQUIVALENT CIRCUIT 


To other 
three drivers Rit 





15 A OUT 


VEE 
° 


2 A INPUT 16 A SLEW 
6 (3) B INPUT 6 (13) B SLEW 
(6) C INPUT (12) C SLEW 
(7) D INPUT (9) D SLEW 





04599-010A 
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TYPICAL PERFORMANCE CURVES | 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor 


Rise Time — psec 





F 04599- 
Capacitance — pF oun 
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Am26LS30 


Dual Differential RS-422 Party Line/Quad Single Ended RS-423 


Line Driver 


DISTINCTIVE CHARACTERISTICS 
@ Dual RS-422 line driver or quad RS-423 line 
driver 


mM Driver outputs do not clamp line with power off 
or in hi-impedance state 


m@ Independent output come in the differential 
mode 


m@ Low Icc and lee power consumption | 
RS-422 differential mode; 35 mW/driver typ. 
RS-423 single-ended mode; 26 mW/driver typ. 


GENERAL DESCRIPTION 


The Am26LS30 is a line driver designed for digital data 
transmission. A mode control input provides a choice of 
operation either as two differential line drivers which 
meet all of the requirements of EIA Standard RS-422 or 
four independent single-ended RS-423 line drivers. 


In the. differential mode the outputs have individual 
three-state controls. In the hi-impedance state these 
outputs will not clamp the line over a common mode 
transmission line voltage of +10 V. A typical full duplex 
system would be the Am26LS30 differential line driver 


BLOCK DIAGRAM 


Logic for Am26LS30 with 
Mode Control HIGH (RS-423) 














SR Control A 
Input A oo ) an Output A 
SR Control! B 
Input B =) ae Output B 
SR Control C 
Input C oe Output C 
~ SR Control D 
Input D i Output D 
Vec 
Ground 
VEE Mode Control 


04600-001A 
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Advanced 
Micro 
Devices 


@ Individual slew rate control for each output 


M 50 Q transmission line drive capability (RS-422 
‘Into virtual ground) 


™@ Low current PNP inputs compatible with TTL, 
MOS and CMOS 


M™ High capacitive load drive capability 
Exact replacement for DS16/3691 
™ Advanced low power Schottky processing 


and up to twelve Am26LS32 line receivers or a 
Am26LS32 line receiver and up to thirty-two Am26LS30 
differential drivers. 


A slew rate control pin allows the use of an external ca- 
pacitor to contro! slew rate for suppression of near end 
cross talk to receivers in the cable. 


The Am26LS30 is constructed using Advanced Low 
Power Schottky processing. 


Logic for Am26LS30 with 
Mode Control LOW (RS-422) 


ENABLE B 














SR Control A 
Output A 
Input A 
Output B 
SR Contro! B 
SR Control C 
Inout D Output C 
io Output D 
ENABLE C SR Control D 
Vcc 
Ground 
VEE Mode Control 


04600-002A 


Publication# 04600 





Rev. B 






Amendment)? 


Issue Date: May 1991 





AMD at 
RELATED AMD PRODUCTS 
|__PartNo. | Description 
Quad Three-State Single Ended RS-423 Line Driver 


26LS32 Quad Differential Line Receiver 
26LS33 Quad Differential Line Receiver 


CONNECTION DIAGRAMS 



















Top View 
DIP 
Vec [7 1 16 || Slew Rate Control A 
Input A |] 2 15 || Output A 
Input/ENABLEB {| 3 14 [] Output B 
Mode [} 4 13 {| Slew Rate Control B 
GND [J 5 12 [] Slew Rate Contro! C 
Input/ENABLEC [] 6 11 [] Output C 
InputD [} 7 . = 10f] Output D 
Vee LI 8 9 [| Slew Rate Contro! D 
04600-003A 
LCC 
<x 
2 
i= 
je} 
co) 
@® 
os < 
< cs 
So = 2 
a2 9060.2 5 
£>2%0 0 
OO 
21 19 
Input/ENABLEB ) | 4 Output B 
Mode ) ]5 Slew Rate Control B 
NC# ) Je NC 
GND ) |7 Slew Rate Control C 
Input/ENABLEC J ]s8 Output C 
9 2 13 , 
WIAA AA 
Quoaa 
33> 2638 
eB gs 
& 8 8 
@ 
w 
a 
= 
2 
7) 
Note: 


. 04600-004A 
Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Standard Products 


-AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM26LS30 P Cc 


B 
== OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE ; 
P = 16-Pin Plastic DIP (PD 016) 
D = 16-Pin Ceramic DIP (CD 016) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS30 

Dual Differential RS-422 Party Line/Quad 
Single Ended RS-423 Line Driver 










Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid. combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 


Valid Combinations 


PC, PCB 
AM26LS30 DC, DCB 
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AMD at 
MILITARY ORDERING INFORMATION 
Standard Military Drawing (SMD)/DESC Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard 


Military Drawin Soe aera products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combi- 
nation) for SMD/DESC products is formed by a combination of: 


5962-86721 01 E A 
L LEAD FINISH 
A = Solder Dip 





CASE OUTLINE 

E = 16-Pin Cerdip (CD 016) 

F = 16-Pin Ceramic Flatpack (CF 016) 

2 = 20-Pin Leadless Chip Carrier (CL 020) 


MILTARY DEVICE TYPE 
01= AM26LS30 


MILITARY DRAWING PART NUMBER/DESCRIPTION 
5962-86720101 


Valid Combinations Valid Combinations 
Valid Combinations list configurations planned 
5962-8672101 EA, FA, 2A to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 


ability of specific valid combinations, or to check 
on newly released combinations, 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


AM26LS30 /B E 


; 


LEAD FINISH 
A = Hot Solder Dip 


PACKAGE TYPE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 


2 z 20-Pin Leadless Chip Carrier (CL 020) 


DEVICE CLASS 
/B = ClassB 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 

Am26LS30 

Dual Differential RS-422 Party Line/Quad Single 
Ended RS-423 Line Driver 









Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 
AM26LS30 /BEA, /BFA, /B2A 


Group A Tests 


Group A tests consist of Subgroups 
, 1, 2, 3, 7, 8, 9, 10, 11. 
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Am26LS30 FUNCTION TABLE 





TYPICAL APPLICATION . 
p 
Am26LS30 _  Am26LS30 Am26LS30 
Twisted Pair 
Three-State 7 Three-State : Three-State 
' Enable Enable Enable 
Data + Data _ nes Data 
| Enable le 


Enab Enable 


Am26LS32 Am26LS32 Am26LS32 


. 04600-005A 
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AMD c\ 
ABSOLUTE MAXIMUM RATINGS _ OPERATING RANGES 





Storage Temperature Range -65 to +150°C Commercial (C) Devices 
- Supply Voltage Temperature 0 to +70°C 
V+ 7.0V Supply Voltage (Vcc) +4.75 Vto +5.25 V 
V- —7.0V . Supply Voltage (Vee) RS422 GND 
Power Dissipation 600 mW Supply Voltage (Vee) RS423 -4.75 V to-5.25V 

Input Voltage | -1.5t0+15.0V Military (M) Devices 

Output Voltage (Power Off) +15 V Temperature —55 to +125°C 
Lead Soldering Temperature (10 seconds) 300°C Supply Voltage (Vcc) +45 Vto+5.5V 
Supply Voltage (Vee) RS422 GND 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 


above these limits is not implied. Exposure to absolute maxi- Operating ranges define those limits between which the func- 
mum ratings for extended periods may affect device reliability. tionality of the device is guaranteed. 


Supply Voltage (Vee) RS423. _ -4.75 V to-5.25 V 


DC CHARACTERISTICS over operating ranges unless otherwise specified 
EIA RS-422 Connection, Mode Voltage < 0.8 V, Vcc = +4.75 V to +5.5 V, ves = GND 


Parameter 
= Parameter Description Test Conditions ee 3) (Noe 1) 


| Vo | Differential Output Voltage, |RL=0 eso se [eo] 
Va. 8 Puzoav | -s6 | -s0| 


= Differential Output Voltage, | Ri = 100 Q Vin= 2.0 V | 20 | 24] 3 | 
VA. 8 PET a =0.8V Ee 
Common Mode Offset Voltage Ru=1002 | | = 1000 


3.0 

Vie Vr Difference in Differential Ri = 100 Q 0. 005 0.4 
Output Voltage 

|Vos|-|Vos] | Difference in Common Mode | Ri = 1009. 0.005 0.4 
Offset Voltage 


ee ee te to 


Vomr Output Voltage Common VENABLE = 2.4 V +10 V 
Mode Range 
| ixa | Vemr = 10 V eS aah HE AUO I 
Output Leakage Current Vec=0V = 
Vewn=—tov{ | ‘| -100| 
Off State (High Impedance Vemr = 10 V 100 
é (High Impedance) |.) _ ray. cae ee eee a 
Output Current Vemr = —10 V es ae oe 


Isa, ss. | Output Short Circuit Current | Vcc = Max. | Voa=6.0V | 20 | 80 | 150 | 
vue 24v _[Voozov | -20 | -80 | -150) ™ 
Voo=Wax. | Vor=0V | 20-80 | =150] 
vu=o4v _[Vosseov 20] 60] 150] " 
Se edie 
| Vin |HighLevelinput Voltage | 
Ve flow Level input Votege f_____j_{__f os |v 


NH High Level Input Current Vcc = Max. lvnz24v {| | 40 | 
Pvw=isv || —'|_ 100° 
vii ee ee op | 


| Vic [input Clamp Voltage |Vec=Min. | w=-t2mA | || 15] VI 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 


EIA RS-423 Connection, Mode Voltage = 2.0 V 
min. [ine 
(Note 1) 









Parameter 
Symbol |Parameter Description Test Conditions (Note 4) 
Vv RL = (Note 3) Vin = 2.4 V 0 


Output Volt a | 6.0 | V 
paca [Vecl=IVeE|=4.75V_ |vn=0.4Vv_ | -4.0 | -4.4 | -6.0 | 
Ri=4500 = |Vw=24V | 36 | 41 | | 
Voo|=[Vee=4.75V [V=0.4V_ | -3.6 | 44 | 
IVrf-IVr]_ |Output Unbalance (Note 7) ||[Vecl=|Veel=4.75V. A= 4502 | | 002 | 04 | v_| 


Vo=60v | |_| 100 
aie pe 2 eee a eto 


ae 
Output Short Circuit Current] |Vcc|=|VeEe|=Max. mA 
ca iais 


(Note 5) 


iaew [Siew Control arent |Vsew= vee [vec] a0 aa 

Vin=0.4V, Ri=e|Vccl=|Veel=-Max.| | 18 | 30_| mA | 

[tee [Negative Supply Current [Vin= 0.4, R==VecleiVee/=Max. [| 10-22 | ma | 

[Vin [High Level mputVotage [Noes SSCS OPP 

| Vu___|LowLevellnputVoltage |Note6 CT | CV 

Vin = 2.4 V, |Voc|=|Vee|=Max. a ae iA 
Vin=15V, Vcc =5.5V,Vee=-5.0Vi | | 100 | 

Vin = 0.4 V, |Voo|=|Vee|=Max. | {|_-30 | -200] pa | 

lin = 12 mA, Vcc = Min., Vee =Max.} ; 

Notes: 


1. Typical limits are at Vcc = 5.0 V, VEE = -5.0 V, 25°C ambient and maximum loading. 
Symbols and definitions correspond to EIA RS-423 where applicable. : 
Output voltage is +3.9 V minimum and -3:9 V minimum at -55°C. 


















Is + 

















Ri connected between each output and its complement. 

Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters. 
This parameter is tested by forcing an equivalent current. 


Pe ON Be G0 
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PERFORMANCE CURVE 


Slew Rate (Rise or Fall Time) 
Versus External Capacitor . 


Slew Rate — sec 





Capacitance — pF 04600-006A 


SWITCHING CHARACTERISTICS 
EIA RS-422 Connection, Vcc = 5.0 V, Vee = GND, Mode = 0.4 V, Ta= 25°C 


Ee pete | eee tel le 

Symbol | Parameter Description Test Conditions Typ 

| t:__| Differential Output Rise Time | _Fig.2, i= 1000,C.=500pF |__| 120_| 200 | ns _| 

| ti | Differential Output Fall Time _|_Fig.2,Fi=1009,c.=500pF | | 120 | 200 | ns __ 

| teon | Output Propagation Delay | Fig.2,R.=1009,C.=500pF | || 120 | 200 | ns | 

Fig.2,Ri=1002,C.=500pF |__| 120 ~| 200.| ns_| 
tuz “RL= 100 Q, Ci = 500 pF, | _|_180 | 300 | 

Cc = 0 pF, Fig. 3 || 200 | 300 | 

Ri= 100 ©, Ci = 500 pF, | | 200 | 300 | 

Co = OF, Fig. [F180 [200 | 























Output Enable to Output 






ae aI 
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SWITCHING CHARACTERISTICS (Continued) 
EIA RS-422 Connection, Vcc = 4.5 V to 5.5 V, Vee = GND, Mode = 0.4 V, Ta= 55°C to 125°C 


Parameter 
Symbol | Parameter Description Test Conditions Typ. 
tr Differential Output Rise Time | Ri = 100 Q, Ci = 500 pF 300 
see Rise Time Control for RS-422 
Differential Output Fall Time | Ri = 100 Q, CL. =500pF - 300 
see Rise Time Control for RS-422 
{PDH oe Propagation Delay Ri = 100 Q, Ci = 500 pF 300 
see Rise Time Control for RS-422 
tPDL | Output Propagation Delay Ri= 100 Q, Ci = 500 pF 300 
see Rise Time Control for RS-422 
Ri= 100 Q, Cr = 500 pF, Cc = 0 pF 400 
see Rise Time Control for RS-422 « 
Ri= 100 Q, Cr = 500 pF, Cc = 0 pF 400 
see Rise Time Control for RS-422 
Ri = 100 Q, Ci = 500 pF, Cc = 0 pF 400 
see Rise Time Control for RS-422 
Ri= 100 Q, Ct = 500 pF, Cc = 0 pF 400 
see Rise Time Control for RS-422 
SWITCHING CHARACTERISTICS 


EIA RS-423 Connection, Vcc = 5.0 V, Vee = —5.0 V, Mode = 2.4 V, Ta= 25°C 


FSR ewenerowcten feccomcns [wm [wo [oe 
Symbol | Parameter Description {Test Conditions Typ. 

t | Rise Time Fig. 1,RL=4502, | Cc=50pF | | 30 | ~~] us | 
ae a ae ors ea 
St oo Fig. 1,R.=4500, |cCc=50pF_ | | 30 | | us | 

Ci = 500 pF [Co=0 ~~ | | 120 | 300 | ns _| 
Fig. 1, Ri = 450 9, eames | | 06 | usp F | 


L Se Sint Propagation Delay |Fig. 1, Ru = 450 Q, Ci. = 500 pF, Cc = aCe 
Output Propagation Delay |Fig. 1, RL= 450 Q, Ci = 500 pF, Cc = of —-|_180 | 300] ns | 












Output Enable to Output 
















EIA RS-423 Connection, Vcc = 4.75 V to 5.5 V, Vee = —4.75 V to —5.5 V, Mode = 2.4 V, 
Ta=—55°C to 125°C 


Parameter 
Symbol Parameter Description | Test Conditions Typ. 
tr Rise Time Rt = 450 Q, Cr = 500 pF, Cc = 0 pF 450 
see Rise Time Control for RS-423 
Fall Time Rt = 450 2, Ci. = 500 pF, Cc = 0 pF 450 
see Rise Time Control for RS-423 
tPOH Output Propagation Rt = 450 Q, Ci = 500 pF, Cc = 0 pF 450 
Delay see Rise Time Control for RS-423 
tpt Output Propagation Ru = 450 Q, C. = 500 pF, Cc = 0 pF 450 
Delay see Rise Time Control for RS-423 
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Am26LS30 EQUIVALENT CIRCUIT 


9 (6) C Input 
3 B Input Vec 










(14) B Out 
(11) C Out 
(10) D Out 


ne 16 A Slew 
(7) D Input © (13) B Slew 
(12) C Slew 
(9) D Slew 


04600-007A 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 
from HtoL 
May 
Change 
from Lto H 


XXX 


Don't Care, 
Any Change 
Permitted 


Does Not 
’ Apply 


EIA RS-423 CONNECTION 


Switching Test Circuit 
(Mode Control = 0) 





Input trs10ns 














AMD al 


OUTPUTS 
& 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High’ 
Impedance 
“Off” State 


KS000010 


Output 


450 Q 


04600-008A 





04600-009A 


Figure 1. Rise Time Control for RS-423 
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RS-422 CONNECTION 


Switching Test Circuit 
(Mode Control = 0) 





a| | *‘TEK CTR 
VEE Current Transfer 
L eos =. 65 or Equivalent 


04600-010A 


Rise Time Control for RS-422 


tr<10ns th<10ns 


Input 






Output Avg. 


.1 Vss/AL 


04600-011A 


Figure 2. 
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RS-422 CONNECTION (Continued) 


Switching Test Circuit | 
(Mode Control = 0) 


Vcc 






Input Ao 


Input Bo 


Output 


*“TEK CTR 
Current Transfer 
or Equivalent 















04600-012A 
Switching Test Waveform 
3V 
Input B 
OV 
1PZH pz 
(Input A HIGH) 
tpLz Output 0.3 VsSiAL 
(Input A LOW) 
0.1 VSS/AL 0.5 Vssv/AL 

04600-013A 


*Current probe is the easiest way to display a differential waveform 


Figure 3. Three-State Delays 
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Am26LS31 | | sani he 


Quad High Speed Differential Line Driver Devices 
DISTINCTIVE CHARACTERISTICS 
M Output skew - 2.0 ns typical m Complementary outputs 
H Input to output delay - 12 ns @ Meets the requirements of EIA standard RS-422 
@ Operation from single +5 V supply @ High output drive capability for 100 Q 
i ansmission lines 
M 16-pin hermetic and molded DIP package Hennateg transits 
. B Available in military and commercial 
H Outputs won’t load line when Vcc = 0 temperature range 
m@ Four line drivers in one package for maximum m™ Advanced low-power Schottky processing 
package density 


m@ Output short-circuit protection 


GENERAL DESCRIPTION 


The Am26LS31 is a quad-differential line driver, 3-state outputs and logical OR-ed complementary 
designed for digital data transmission over balanced enable inputs. The inputs are all LS compatible and are 
lines. The AM26LS31 meets all the requirements of EIA all one unit load. 

standard RS-422 and federal standard 1020. It is 
designed to provide unipolar differential drive to 
twisted-pair or parallel-wire transmission lines. 


The Am26LS31 is constructed using advanced low- 
power Schottky processing. 


The circuit provides an enable and disable function 
common to all four drivers. The Am26LS31 features 


BLOCK DIAGRAM 
Input Input Input Input 
Enable Enable 5 Cc B A 
Veco GND Output Output Output Output Output Output Output Output 
D+ — C+ C- B+ - A+ - 
05392-001A 


RELATED PRODUCTS 


[PanNo. [Description CCSCSC“C*S*S™S™SCS™S 
26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
26LS32 Quad Differential RS-422 Line Receiver 


Publication# 05392 Rev. B Amendmenvo 
4-28 
: Issue Date: May 1991 











PRELIMINARY AMD &A 
CONNECTION DIAGRAMS 


Top View 


Output A- 








Output D+ 
ENABLE Output D- 
NC NC 
Output B- ENABLE 
Output B+ Output C- 
05392-003B 
oO a 
2 22 
2 es 05392-002A 
Am26LS31 
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AMD £4 PRELIMINARY 
ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


Am26LS31 P Cc 


B 
— OPTIONAL PROCESSING .. 


Blank = Standard processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
P = 16-Pin Plastic DIP (PD 016) 
D = 16-Pin Ceramic DIP (CD 016) 


S = 16-Pin Small Outline (SO 016) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS31. 

Quad High Speed Differential 

Line Driver 


Valid Combinations 


PC, PCB 
AM26LS31 DC, DCB 
Sc 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 









4-30 Am26LS31 


PRELIMINARY AMD &\ 


MILITARY ORDERING INFORMATION 
SMD/DESC Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard Mili- 
tary Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) is formed by a combination of: 


78023 01 


A 
—_— LEAD FINISH 


A = Solder Dip 


ASE OUTLINE 

16-Pin Ceramic DIP (CD 016) 
16-Pin Ceramic Flatpack (CF 016) 
2 


C. 
E 
F 
2 0-Pin Leadless Chip Carrier (CL 020) 


MILITARY DEVICE TYPE 
01= AM26LS31 


MILITARY DRAWING PART NUMBER/DESCRIPTION 
5962-7802301 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 


5962-7802301 MEA, MFA, M2A 





Group A Tests 


Group A tests consist of Subgroups . 
1,23; 7,8, 9,40, 1%: 
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MILITARY ORDERING INFORMATION 
APL Products 
AMD products for Aerospace and Defense applications are available in several ackages and operating ranges. APL (Approved 


Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is tormed 
- by a combination of: 


AM26LS31 /B E A 


L LEAD FINISH 


A = Hot Solder Dip 


PACKAGE TYPE 

E = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Ceramic Flatpack (CF 016) 

2 = 20-Pin Leadless Chip Carrier (CL 020) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS31_. 

Quad High Speed Differential 

Line Driver 





Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 


/BEA, 
Am26LS31 /BFA, 
/B2A 






Group A Tests 


Group A tests consist of Subgroups 
1, 2,3, 7,8, 9,10, 11. © 





\ 
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PRELIMINARY AMD ah 
TYPICAL APPLICATION 





Shield or Common Ground Return 05392-004A 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 
Storage Temperature —65 to +150°C Commercial (C) Devices . 
Supply Voltage . _ -0.5to 7.0 V Ambient Temperature (Ta) 0 to +70°C 
DC Input Voltage -15t07.0 V Supply Voltage (Vcc) | +4.75 to +5.25 V 
DC Output Voltage -0.5toVecmax Military (M) Devices 

Temperature —55 to +125°C 
Stresses above those listed under Absolute Maximum Rat- — Supply Voltage (Vcc) +4.5to +5.5V 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- Operating ranges define those limits between which the func- 
mum ratings for extended periods may affect device reliability. tionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 





Vcc = Min; lo = 20 mA 
[Input LOW Voltage |Vcc=Max.(Note3) | 
[input LOW Current [Voc=Max.Vn=04V | 
Input HIGH Current [Vec=Max.Vn=27V | S| 0 | 20 |p 
[Input Reverse Current |Voc=Max.Vin=7.0V | 
Senee = eet 
ance) Output Current lVo=0.5V i isd 
| Vi__ [Input CLAMP Voltage |Vcc=Min.In=-18mA_ | S| 0.8 | -155 | 
ee oe 
Current [Vout =-.25V | | Css 100 
afar femmes ep a oe fw 
Current 


Power Supply Current | Vcc = Max., all outputs disabled | | go | 80 | oma 


| in| 
ally ot 








coe 














AC Parameters Vcc = 5.0 V, Ta = 25°C 
Input to Output Vec=5.0V, Ta= 25°C, Load=Note2/ | 12 | 20 [ ns | 
SKEW _| Output to Output Voc =5.0V,Ta=25°C,Load=Note2| | 20 | 60] ns | 
Enable to Output Voc = 5.0 V, Ta = 25°C, Ci = 10 pF 23 35 
Vec = 5.0 V, Ta = 25°C, Ci = 10 pF 17 30 
Rui = 180 Q, Rir2 = 75 Q 
Enable to Output Vec=5.0V, TaA= 25°C, Load=Note2} | 30 | 40 | ns | 
Notes: 
2. Ci = 30 pF, VIN = 1.3 Vto Vout = 1.3 V, VeuLsE = 0 V to +3.0 V, Rit = 180 Q, Ri2 = 75 Q. 
3. Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters. 
4 


Input to Output Vec=5.0V, Ta= 25°C, Load=Note2{ | 12 | 20 | ns | 
Rui = 180 Q, Rr2 = 75 Q 
tHz Enable to Output 
Enable to Output Vcc = 5.0 V, Ta = 25°C, Load = Note 2 Pee abe | nse 
1. All typical values are Vcc = 5.0 V, Ta = 25°C. 
. Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 
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SWITCHING CHARACTERISTICS | 


Parameter Typ. 
Symbol | Parameter Description Test Conditions (Note 1) 


AC Parameters (Commercial) Vcc = 4.75 V — 5.25 V; Ta = 0°C — 70°C 


{tPLH Propagation Delay from Ci = 30 pF, Rui = 180 Q, Rr2 = 75 Q ft ee 
Input to Output 
tPHL Propagation Delay from Ci = 30 pF, Rut = 180 Q, Ri2 = 75 Q 18 30 
Input to Output 
tskew | Output to Output ‘Ct = 30 pF, Rit = 180 Q, Ri2= 752 eee: eee 
tPLz Propagation Delay from Ci. = 10 pF, Ris = 180 Q, Ri2 = 75 Q 35 53 
Enable to Output 
tPHZ Propagation Delay from Ci = 10 pF, Rui = 180 Q, Ri2 = 76 
Enable to Output 
tp2i Propagation Delay from Cr = 30 pF, Rui = 180 Q, Ri2 = 75 Q 
Enable to Output 


tPzH Propagation Delay from Ci = 30 pF, Ru = 180 Q, Rr2 = 75 Q 
Enable to Output 















AC Parameters (Military) Vcc = 4.75 V —5.25 V; Ta = -55°C — +125°C 


~{PLH Propagation Delay from Cr = 30 pF, Rui = 180 Q, Rr2 = 75 Q 
Input to Output 
tPHL Propagation Delay from Ct = 30 pF, Ru = 180 Q, Ri2 = 75 Q 
Input to Output . 
tskEW Output to Output Ci = 30 pF, Rus = 180 Q, Ri2 = 75 Q 
tPLz Propagation Delay from Ci = 10 pF, Rit = 180 Q, Ri2 = 75 Q 
Enable to Output 
tPHz Propagation Delay from Ci = 10 pF, Rut = 180 Q, Ri2 = 75 Q 25 45 
Enable to Output 
tpzi Propagation Delay from Ci = 30 pF, Ru = 180 Q, Ri2 = 75 Q 53 
Enable to Output 
tezH Propagation Delay from Ci = 30 pF, Rut = 180 Q, Rr2 = 75 Q 45 
Enable to Output 


E 
ol 


Am26LS31 4-35 


AMD il PRELIMINARY 


PERFORMANCE CURVES 


Guaranteed Vou and VoL 
(Ta = —55°C to +1 25°C) 


Oot eee cleat! * 
ae | 
= = VOH @ Vcc = 5.5 V 
ae [voevec-sov ) 
Vout (V) | sei ois 
|| ‘VoH @ Vec = 4.5 V 


' Vo. @ 4.5 V<Vcec<5.5 V 





lol OR — low (mA) 
05392-005A 


Vout Versus Vcc 


Vcc (V) 


Ze | 
‘ Pin4<0.8V, Pin12>2.0V 
ye Rt = 10 kQ to ground 
. fol inside envelope is low 
iN eal (~50 kQ). Area outside en- 
lope is high impedance (2 1/4 MQ) 





VouT (V) 
: 05392-006A 
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KEY TO SWITCHING WAVEFORMS 
WAVEFORM 


“A 


INPUTS 


Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from L to H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from HtoL 


Will Be 
Changing 
from L to H 


Changing 
State . 
Unknown 


Center 
Line is High 


Impedance 
“Off” State 


——-—— 3 V 
Input — fF — _ _ W _ 1.3V 
Transition OV 










VOH 
——-1.3V 


VoL 


Suns = eeserat een ay 
1PHL t.»| tPLH fex| be 


05392-0088 
‘Propagation Delay - 
(Notes 1 and 3) 


ee eG 
Enable % : 
Input — —1.3V 
OV 










Output —~45V 
Normally 1.3V ~1.5V 
Lov oe (Open §§ VoL 
; tHz | 
ZH 
Output sf VOH 
Normally : ~1.5V 
High Si Open ey 7 
0.5 V 
05392-009A 


Enable and Disable Times 


Notes: (Notes 2 and 3) 


1. Diagram shown for Enable LOW. 
2. S1 and S2 of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0 MHz; Zo = 50 Q:; tr < 15 ns; tr< 6.0 ns. 
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SWITCHING TEST CIRCUIT 
Test 
$2 
R 
From output O anh | 
under test | 
Re 

Cx includes 
probe and 
jig capaci- 

tance St 


05392-007B 
Three-State Outputs 


EQUIVALENT CIRCUIT (1/4 Am26LS31) 


Vcc 


(Feed Thru) 





05392-010A 
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Am26L$32/Am26LS33 


Quad Differential Line Receivers 


DISTINCTIVE CHARACTERISTICS 
@ Input voltage range of 15 V (differential or 
~ common mode) on Am26LS33; 7 V (differential 
or common mode) on Am26LS32 
- 200 mV sensitivity over the input voltage 
range on Am26LS32; 
— 500 mV sensitivity on AmM26LS33 
H 6k minimum input impedance with 30 mV input 
hysteresis 


GENERAL DESCRIPTION 


The Am26LS32 is a quad line receiver designed to meet 
the requirements of RS-422 and RS-423, and Federal 
Standards 1020 and 1030 for balanced and unbalanced 
digital data transmission. 


The Am26LS32 features an input sensitivity of 200 mV 
over the input voltage range of +7 V. 


The Am26LS33 features an input sensitivity of 500 mV 
over the input voltage range of +15 V. 


BLOCK DIAGRAM 


ENABLE ENABLE 





IND+ IND- 


INc+ INc- 


Advanced 
Micro 
Devices 


™ The Am26LS32 meets all the requirements of 
RS-422 and RS-423 


™@ Operation from single +5 V supply 


Hm Fail safe input-output relationship. Output 
always high when inputs are open 


@ Three-state drive, with choice of 
complementary output enables, for receiving 
directly onto a data bus 


The Am26LS32 and Am26LS33 provide an enable and 


. disable function common to allfour receivers. Both parts 


feature 3-state outputs with 8 mA sink capability and in- 
corporate a fail safe input-output relationship which 
keeps the outputs high when the inputs are open. 


The Am26LS32 and Am26LS33 are constructed using 
Advanced Low-Power Schottky processing. 


INB+ INB- INA+ INA- 





GND Vcc Output D 


RELATED AMD PRODUCTS 






26LS29 


Publication# 05393 Rev. B Amendmenv/O 





Issue Date: May 1991 


Output C 


| PartNo. | Description 


Quad Three-State Single Ended RS-423 Line Driver 


26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


26LS31 Quad High Speed Differential Line Driver 








Output B Output A 05393-001B 
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CONNECTION DIAGRAMS 
Top View 


DIP 





Note: 
Pin 1 is marked for orientation. 





Output A 
ENABLE 

NC 
Output C 
Input C+ 





05393-002B 


LCC 
f¢< cb 
Soe: 
eee 2 
mii 
3 #2 «1 


Input B+ 
Output B 
NC 

ENABLE 
Output D 





wo 


05393-003B 


Input D+ ) | 
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AMD Pa | 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 


formed by a combination of: 
—P Cc B 
(=. OPTIONAL PROCESSING 
Blank = Standard processing 
; B = Burn-in 

TEMPERATURE RANGE 

C = Commercial (0 to +70°C) 

PACKAGE TYPE 
P 


16-Pin Plastic DIP (PD 016) 


AM26LS32 
AM26LS33 





D = 16-Pin Ceramic DIP (CD 016) 
S = 16-Pin Small Outline (SO 016) 
SPEED OPTION 


Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS32/Am26LS33 
Quad Differential Line Receivers 






Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD's standard military grade products. 


Valid Combinations 
AM26LS32 PC, PCB, DC, 
AM26LS33 DCB, SC 
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MILITARY ORDERING INFORMATION 
Standard Military Drawing (SMD)/DESC Products 
AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard 


Military Drawin ard aber products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combi- 
nation) for SMD/DESC products is formed by a combination of: 


78020 01 E A 
— LEAD FINISH 
A = Solder 
CASE OUTLINE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 
2 = 20-Pin Leadless Chip Carrier (CL 020) 


MILTARY DEVICE TYPE 
01= Am26LS32 
02= Am26LS33 





MILTARY DRAWING PART NUMBER/DESCRIPTION 
5962-7802001/02 







Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 
5962-7802001 MEA, MFA, 
5962-7802002 M2A 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed by 


a combination of: 
‘BB CE A 
| LEAD FINISH 
A = Hot Solder Dip 
PACKAGE TYPE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 
2 = 20-Pin Leadless Chip Carrier (CL 020) 
| DEVICE CLASS : 


/B = Class B 


AM26LS32 
AM26LS33 





SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS32/Am26LS33 
Quad Differential Line Receivers 






Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations , 
AM26LS32 
AMDELS33 /BEA, /BFA, /B2A 





Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage 7.0V Commercial (C) Devices 

Common Mode Range +25 V Temperature 0 to +70°C 
Differential Input Voltage #25 V Supply Voltage +4.75 V to +5.25 V 
Enable Voltage 7.0V Military (M) Devices 

Output Sink Current 50 mA Temperature —55 to +125°C 
Storage Temperature Range -65 to +165°C Supply Voltage +4.5 V to +5.5V 


Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- - : spelled 
tionality of the device is guaranteed. 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Typ. 
Symbol |Parameter Description Test Conditions (Note 1) 
Vout = VoL 
VTH Differential Input Voltage =| or Von ice 
Am26LS33, -15 V < —0.5] +0.12 | +0.5 
(Note 5) 
Vem < +15 V 
Input Resistance -—15V<Vem<s+15V 
(One input AC ground) (Note 4) 
Input Current (Under Test) | Vin = +15 V, Other Input -15 V < Vins she 
+15 V 
az Input Current (Under Test) | Vin =—15 V, Other Input -15 V < Vins 2 I ee he 
+15 V 


Output HIGH Voltage Vec=Min., AVw=+1.0V. | comi|27{[ 34 | | 
VENABLE = 0.8 V, lon = 440 at rw tes] a4 |. | 
VoL Output LOW Voltage Vcc = Min., AVin = —1.0 V fasaomal [Tom 
enero — Hee se 
[Vin [Enable HIGH Vortage [Note2) SC | CT 
Vec = Min., lin = -18 mA ee ee es - 

Off-state (High Impedance) | Vcc = Max. Vo=24V | | { 20 | 

Ee el ee 
| __—[EnableLOW Current |Vin=0.4V,Vec=Max. sd] S| -0.2_[-0.36| mA, 


[enable HIGH Cunent__[Vw=2.7V.VeomMax fff 20 {ua | 
-—_ Enable put High Gurrent_[Vin= 8.8 V, Voc = Max, _| |__| 100 | wa 


Output Short Circuit Current! Vo = 0 V, Vers Max., AVin = +1.0 V mA 
(Note 3) 

Power Supply Current Vcc = Max., All Vin = GND, 70 | mA 
Sutpus Disabled 


Sa ae ta te 


Notes: 

1. All typical values are Vcc = 5.0 V, Ta = 25°C. 

Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters. 
Not more than one output should be shorted at a time. Duration of short circuit test should not exceed one second. 



































Rin is not directly tested but is correlated. (See Attachment !) 
Input voltage is not tested directly due to tester accuracy limitation but is threshold correlated. (See Attachment Il) 


af ON 
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SWITCHING CHARACTERISTICS | 


Parameter Typ. 
Symbol | Parameter Description Test Conditions (Note 1) 


AC Parameters (Ta = +25°C 
tPLH Propagation Delay From Cx 15 pF, Rut =.5 kQ, Rr2 = 2 kQ, 17 
Input to Output Vcc = 5.0 
tPHL Propagation Delay From Cr 15 pF, Rui = 5 kQ, Ri2 = 2 kQ, 17 
Input to Output Vcc = 5.0 , 
tiz Enable to Output ~ 1 Vcc = 5.0, Ci 5 pF, Rui = 5 kQ, 
Ri2 = 2 kQ 
Enable to Output Vec = 5.0, C. 5 pF, Rus = 5 kQ, 15 
Ri2 = 2kQ 
tz. Enable to Output Vcc = 5.0, Ci 15 pF, Ru = 5 kQ, 
Ri2 = 2 kQ 
Enable to Output _ | Vec = 5.0, Ci 15 pF, Rit = 5 kQ, 15 
Ri2 = 2 kQ 


AC Parameters (—55°C to +125°C) 
tPLH Propagation Delay From Ci 15 pF, Riu: = 5 kQ, 38 
Input to Output Ri2 = 2 kQ, 
tPHL Propagation Delay From Cr 15 pF, Rui = 5 kQ, 
Input to Output Ri2 = 2 kQ 
Propagation Delay From Cr 15 pF, Rui = 5 kQ, 17 
Enable to Output Ri2 = 2 kQ 
tpzi Propagation Delay From Ci 15 pF, Ri: = 5 kQ, 33 
Enable to Output ‘| Riz = 2 kQ 
tPHz Propagation Delay From Ci 5 pF, Rui = 5kQ, 
Enable to Output Ri2 = 2kQ 
tPLz Propagation Delay From CL 5 pF, Ru = 5 kQ, 
Enable to Output Ri2 = 2 kQ 


Tristate Delays for Enable (Ta = +25°C) 


































tPZH Propagation Delay From =| Ci 15 pF, Rui = 5 kQ, 

Enable to Output Ri2 = 2 kQ 
: tPZL Propagation Delay From Cr 15 pF, Rut = 5 kQ, 

Enable to Output Ri2 = 2 kQ 

tPHZz Propagation Delay From C_5 pF, Ru = 5kQ, 
Enable to Output Ri2 = 2 kQ 

tPLz Propagation Delay From Ci 5 pF, Rui = 5 kQ, 
Enable to Output Ri2 = 2 kQ ; 





Tristate Delays for Enable (—55°C to +125°C) ‘ 


tPZH Propagation Delay From Cri 15 pF, Ru: = 5 kQ, 
able to Output Ri2 = 2 kQ 


ropagation Delay From Ci 15 pF, Riri = 5 kQ, 
able to Output Ri2 = 2 kQ 


ropagation Delay From Ci 5 pF, Ru = 5 kQ, 
able to Output Ri2 = 2 kQ 


: 


tpzt 


vU 


cee 


D 


tPLz Propagation Delay From C5 pF, Rui = 5 kQ, 
En 


able to Output Ri2 = 2 kQ 





Note: 
1. All typical values are Vcc = 5.0 V, Ta = 25°C. 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 





SWITCHING WAVEFORMS 


INPUTS 


‘ Must Be 
Steady 


May 
Change 
from H to L 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 











——.VOH 
Output # OO x —13V 
VoL 


tPLH tPHL 
Opposite Phase +1.0V 
input Transition — 4- ————_—_———_- OV 
eee —1.0 V 


Propagation Delay (Notes 1 and 3) 


ome ——————— 3.0V 
Mapul= ———_—_————— 4+ ———-_ 13v 
OV 

tZL iz 


——— ~4.5 V 0.5V 
Nonna ae! ce 
ou S2 Open 


Li 

me Ea tZH tz t 
Normally i i Se ate 
orma R ~1.5 
High S1 Open ~OV . 


Enable and Disable Times (Notes 2 and 3) 





05393-004B 





1. Diagram shown for ENABLE LOW. 
2. S1 and S2 of Load Circuit are closed except where shown. 


3. Pulse Generator for All Pulses: Rate < 1.0 MHz; Zo = 50 Q; tr< 15 ns; tf < 6.0 ns. 
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SWITCHING TEST.CIRCUIT FOR THREE-STATE OUTPUTS 


Vcc 
Si 2kQ | 


All Diodes 
Cx Includes 
Probe and Jig NZ 1N916 or 


Capacitance 
S2 | 


Test Point 








From Output 
Under Test 


05393-006B 
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Am26LS32/32B/33/34 Input Resistance and Input Current (Attachment I) 


Input resistance measurement for differential inputs on 
line receivers are generally not measured directly. In- 
stead they are correlated to an input current measure- 
ment and to the process resistor temperature 
coefficient. The assumptions made include 1) Process 
resistor temperature coefficient is known and 2) The 
open input bias voltage for the input is known or 
measured within the same test sequence. 


Under the above assumptions Rin can be correlated to 
the input current measured. The expression 


yy = Lic = Vin) (Rt) 
(lin) (R25) 


where Vicmis the open input bias voltage of the Line Re- 
ceiver. When applying this correlation to the 26LS32 
die, the following criteria have been set. 


1) Vicm and lin are the values screened at wafer sort. 


2) Temperature coefficients are for 800 ohm/square 
which gives 0.96 at 0°C and 0.93 at -55°C. 


When setting limits, characterized values for Vicm have 
been used instead of the test programmed limit value. 
Rin (dif) is Rin (dif) = 2 Rin. 


For the Am26LS32/32B/33/34 


(2.56 — -15) 0.96 
lin (Max.) 


Rw Min. = = 16.8/lin (Max.) Comm., 


and 
Rin Min. = 16.3/lin (Max.) Mil. 


Worst Case Measurement for Input 
Current 


Two considerations have been used to determine the 
test condition for input current of the data path for the 
Am26LS32 Line Receiver. 


1) Input current is tested on the 26LS32 with the pin un- 
der test at one end of the range (+15 V for example) 
and the untested pin at the opposite extreme of the 
input range under test. If both pins were at the same 
test voltage the internal bias generator would have a 
lower output voltage for tests at -15 V Vin anda 
higher output voltage at +15 V Vin. This would pro- 
duce test currents less than maximum. 


2) Forthe 26LS32, breakdown of the differential inputs 
is the primary failure to the data sheet specification. 
Hence, both breakdown voltage and input current 
are tested during the input current tests. 
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Test Documentation For Am26LS32/32B/34 Vru (Attachment Il) 


Input threshold (VtH) for the Am26LS32/32B/34 is de- 
scribed by the equation, 


Vin = (N¢1} (14R1/R) K*T/Q ((14Rh/(m (Ro+Rh))) 
/(1-Rh/ (M(Rc+Rh))). 


Where N+1 is the attenuator ratio, R1/R is the attenuator 
ratio mismatch, M is the ratio of the input stage current to 
hysteresis stage current, and Rh and Rc are input stage 
loads. For Am26LS32 — 34 devices which pass function 
tests, Von and Vo tests, thresholds for all inputs within 
the operating range of the circuit. 


The Test system is unable to force input thresholds 
within the accuracy required for the Am26LS32 ~ 34 
specifications. Figure 1 plots the expected values for 
ViH, the worst case values at 25°C and 155°C. Also 
shown are the test values for VrH at the -—1.5 V input 
(Vin). In addition, the test voltage at —7 V Vin is shown. 
For the figure it is seen that the worst case value forthe 
test limit shown would be +/-165 mV, where +/— 102 mV 


is expected for process parameters and the equation for 
VtH. Further the 25 mV negative guardband used for 
-7 V testing is less than half the machine uncertainty of 
60 mV. 


When QA testing for AM26LS32/32B/34 is done, thresh- 
olds are screened for Vcm other than —1.5 V. These ad- 
ditional tests are considered functional tests only, and 
the precision threshold tests which insure compliance 
with data sheet limits are those tests performed where 
the inputs are tested near —-1.5 V. 


The actual threshold tests are done as a sequence 
where a setup is performed which preconditions the 
DUT to a logic one state, then the threshold correlation 
for a logic zero is tested followed by a threshold correla- 
tion for logic one to complete the sequence. The limit 
values forthe setup (Vt SET), logic zero test (Vt‘—”), and 
logic one test (Vt “+”) are listed under Vtn for supply 
value of 5.0 V. 
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26LS32 Vr + Limit 


Leer SI TENT TSN eg NM ere Se oS es 
BEER RRR BE eR ERE 


ne 
aga aE ees 
Se pb ae 


BRN 


-—102 mV Actual 


Worst Case 
Worst Case 2 


"+100 
~100 





el os 
26LS32 Vr — Limit 
fs 


60 mV machine 
uncertainty 
allowed 





Figure 1. 26LS32 Input Threshold Vr vs. Input Voltage Vin 


Am26LS32/Am26LS33 
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Am26LS32B 


Quad Differential Line Receiver 


DISTINCTIVE CHARACTERISTICS 
mM +120 mV sensitivity over Vin range of OV to5V 


m@ +200 mV sensitivity over Vcm range 


M@ -7Vto+12V input voltage range — differential or 
common mode 


@ Guaranteed input voltage hysteresis limits 
- 65 mV minimum 
— 240 mV maximum 


= 3V maximum open circuit input voltage 


GENERAL DESCRIPTION 


The Am26LS32B is a quad line receiver designed to 
meet the requirements of RS-422 and RS-423, CCITT 
V.10 and V.11, and Federal Standards 1020 and 1030 
for balanced and unbalanced digital data transmission. 


The Am26LS32B features an input sensitivity of 200 mV 
over the common mode input voltage range of —7 V to 
+12 V. 


The Am26LS32B is the first device in the Am26LS32 
configuration to guarantee minimum hysteresis and 
propagation delay skew while maintaining better propa- 
gation delay guarantees than the Am26LS32. This al- 


BLOCK DIAGRAM 


ENABLE ENABLE IND- IND+ 





GND Vcc Output D 


INc- INc+ 


Output C 


Advanced 
Micro 
Devices 


HM Three-state outputs disabled during power-up 
and power-down 


m@ Maximum guarantees for tpp skew 


m All AC and DC parameters guaranteed over 
COM’L and MIL operating temperature ranges 


@ Single +5 V supply 
@ Advanced low-power Schottky processing 


lows a more critical analysis of performance in high 
noise environments and better performance in terms of 
signal quality, resulting in better system performance. 


The Am26LS32B provides an enable and disable func- 
tion common to all four receivers. It features three-state 
outputs with 24 mA sink capability and incorporates a 
fail safe input-output relationship which keeps the out- 
puts high when the inputs are open. 


The Am26LS32B is contructed using Advanced Low- 
Power Schottky processing. 


INB- INB+ 


INa~ INA+ 


Output B Output A 


01024-001B 





RELATED AMD PRODUCTS 






26LS29 


Publication# 01024 Rev. B Amendment/O 


Issue Date: May 1991 


|_PartNo. | Description 


Quad Three-State Single Ended RS-423 Line Driver 


26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 
26LS33 Quad Differential Line Receiver 
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CONNECTION DIAGRAMS 








Top View 
DIP 
routs a 
Output A 
ENABLE 
Output C 
Inputs of 
GND 
01024-002A 
LCC 
Output A Input B+ 
ENABLE Output B 
NC NC 
Output C ENABLE 
Input C+ Output D 
2 
LA 
of Sad 
30 Ss 
= Be 
| 01024-003A 
Note: 


Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) i is 
formed by a combination of: 


AM26LS32B 


OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


nee TYPE 

16-Pin Plastic DIP (PD 016) 
16-Pin Ceramic DIP (CD 016) 
16-Pin Small Outline (SO 016) 


5 
S 


tou tl 





SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS32B 
Quad Differential Line Receiver 






Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the lo- 
cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 
combinations, and to obtain additional data on 
AMD’s standard military grade products. 


Valid Combinations 


PC, PCB, DC, 
AM26LS32B DCB, SC 
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MILITARY ORDERING INFORMATION 
Standard Military Drawing (SMD)/DESC Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard 
Military Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combina- 
tion) for SMD/DESC products ES formed by a combination of: ; 





5962-87616 01 E oA 
Le LEAD FINISH 
A = Solder Dip 
CASE OUTLINE 
E = 16-Pin Ceramic DIP (CD 016) 
F = 16-Pin Ceramic Flatpack (CF 016) 
2 = 20-Pin Leadless Chip Carrier (CL 020) 


MILTARY DEVICE TYPE 
01= Am26LS32B - 


MILTARY DRAWING PART NUMBER/DESCRIPTION 
5962-87616 


valid Combinations 
Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 


ability of specific valid combinations, or to check 
on newly released combinations. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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MILITARY ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL (Approved 
Products List) products are fully compliant with MIL-STD-883C requirements. The order number (Valid Combination) is formed 
by a combination of: 


AM26LS32B /B E A 


tL LEAD FINISH 


A = Hot Solder Dip 





PACKAGE TYPE 

E = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Ceramic Flatpack (CF 016) 

2 = 20-Pin Leadless Chip Carrier (CL 020) 


DEVICE CLASS 
/B = Class B 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS32B 
Quad Differential Line Receiver 


Valid Combinations 


Valid Combinations list configurations planned 
to be supported in volume for this device. Con- 
sult the local AMD sales office to confirm avail- 
ability of specific valid combinations, or to check 
on newly released combinations. 


Valid Combinations 


AM26LS32B | /BEA, /BFA, /B2A 








Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 





Supply Voltage — 7.0V Commercial (C) Devices 

Common Mode Range +25 V Temperature . 0 to +70°C 
Differential Input Voltage +25 VV Supply Voltage +4.5 Vto +5.5V 
Enable Voltage 7.0V‘-Military(M) Devices . 
Output Sink Current 50 mA Temperature -  ~55 to +125°C 
Storage Temperature Range ~65 to +165°C Supply Voltage +4.5 Vto +5.5V 


. Operating ranges define those limits between which the func- 


Stresses above those listed under Absolute Maximum Rat- 4 : sagt 
tionality of the device is guaranteed. 


ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 





DC CHARACTERISTICS over operating ranges unless otherwise ee 


Parameter 
=e Parameter Description Test Conditions Noe 1) 


Differential Input Voltage | Vout = Vo. | 0< Vom $+5V |=100| +60 | 100] 
(Note 5) or Vou -7 Vs Vem $412 V 2001 1 200 | 
Input Hysteresis Bese 5.0V St a 


P45 | ft 30 |v 
Bal sd ba 
(Note 4) (One input AC ground) 
Vins ea 5V 
WS ceca nkbaniesclaial O RI Sb 
+1 


Output HIGH Voltage Vcc = Min., AVN = +1.0 V low=-12mAl 20 | || 
VENRBTE = 0.8 V fion=—1ma [24a] | | 
Output LOW Voltage Vcc = Min., AVin = -1.0 V laaiena | | oa 
Pw fever [reemcoa fsarm [Tas 
| Vn [Enable LOW Voltage | (Note2) peel 
eee ee ea 
Voc = Min., lin = —18 mA ee 
ae Fe eciaee ee cerrado eE 
Output Current Voroav | | | -s0|" 
| lw [EnableLow Current | Vi=0.4V,Veo=Max. || 0.2 |-0.36] mA | 


ia ae |e ees eae ae IL 
| i__[Enable Input High Current [Viw=5.5V,Voo=Max. | || 100 | A | 


Output Short Circuit Current] Vo = 0 V, Vcc = Max., AVin = +1.0 V -120 | mA 
Ml icaseecsiacsiones > bookascimennie bal Noe ill 
[ee Power Supply Current Vcc = Max., All Vin = GND, 70 | mA 
eee ol oimm bili as al | 


Notes: 
1. All typical values are Vcc = 5.0 V, Ta = 25°C. 


- Input thresholds are tested during DC tests and may be done in combination with testing of sihet DC parameters. 
Not more than one output should be shorted at a time. Duration of short circuit test should not exceed one second. 















Rin is not directly tested but is correlated. (See Attachment |) 
Input voltage is not tested directly due to tester accuracy limitations but is tester correlated. (See Attachment Il) 


apr aN 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0 V 


) 
Parameter 
Symbol | Parameter Description Test Conditions Typ. 
| | te | at | ns | 


: CL=50pF 
Propagation Delay Skew,tni—tou | gatestnreut |_| 15 | 3.0 | ns_ 













Propagation Delay, Input to Output 






re omtinaemawasvons et 
c=spF | | 1 | 18 [ ns | 






‘ip Output Disable Time, ENABLE to Output Sao tost clicuit 


Parameter j 
Symbol | Parameter Description Test Conditions 


Propagation Delay, Input to Output 
Propagation Delay Skew, teLH — tPHL See test circuit 


{ZL 
Output Enable Time, ENABLE to Output 





Military 











t 


Site FPP 
Parameter 
Symbol [Parameter Description | Test conditions | min. | typ. | Max| unt 


Tristate Delays for ENABLE (Ta = +25°C) 
teZH Propagation Delay From C. 50 pF, Rui = 1 kQ, 
ENABLE to Output Ri2 = 280 Q 
tPZL Propagation Delay From Ci 50 pF, Rui = 1 kQ, 33 
ENABLE to Output Ri2 = 280 Q 
tPHz Propagation Delay From CL 5 pF, Rui = 1 kQ, 
ENABLE to Output Ri2 = 280 2 
~ tPLz Propagation Delay From Ci 5 pF, Rus = 1 kQ, 20 
ENABLE to Output Riz = 280 Q 


Tristate Delays for ENABLE (-55°C to +125°C) 

teZH Propagation Delay From Ci 50 pF, Rui = 1 kQ, 39 
ENABLE to Output Ri2 = 280 Q 

tpze Propagation Delay From Ci 50 pF, Rui = 1 kQ, 49 
ENABLE to Output Ri2 = 280 Q 

teHz Propagation Delay From CL5 pF, Rut =1kQ, 30 
ENABLE to Output Rr2 = 280 Q 

tPLZ Propagation Delay From =| CL5pF, Ru = 1 kQ, 30 
ENABLE to Output Ri2 = 280 2 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


SWITCHING WAVEFORMS 





INPUTS 


Must Be . 


Steady 


May 


Change 
from H to L 


May 
Change 
from L to H 


Don’t Care, 
Any Change 
Permitted 


Does Not 
Apply 


tPLH 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from Lto H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 





—13V 


Output # - x 
pot {PHL 
Opposite Phase 

Input Transition — ~~ ————- 





Propagation Delay (Notes 1 and 3) 


Enable 
Input 






e aeent 
ormally 
low S2 Open 


ae tZH 
SER pang t8¥ 
Nore $1 Open /!. is 


Enable and Disable Times (Notes 2 and 3) 


Notes: 
1. Diagram shown for ENABLE LOW. 


2. S1 and S2 of Load Circuit are closed except where shown. 
3. Pulse Generator for All Pulses: Rate < 1.0 MHz; Zo = 50 Q; tr< 2.5 ns; tts 2.5 ns. 


KS000010 


01024-005A 


01024-006A 
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SWITCHING TEST CIRCUIT FOR THREE-STATE OUTPUTS 


Vcc 
S1 280 Q | 


All Diodes 
\/ 1N916 or 
1N3064 


oo 


Test Point 








From Output 
Under Test 






Ri 
1.0 kQ 


Cx Includes 
Probe and Jig 
Capacitance 


01024-007A 
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Am26LS32/32B/33/34 Input Resistance and Input Current (Attachment 1) 


Input resistance measurement for differential inputs on 
line receivers are generally not measured directly. In- 
stead they are correlated to an input current measure- 
ment and to the process resistor temperature coeffi- 
cient. The assumptions made include 1) Process resis- 
tor temperature coefficient is known and 2) The open in- 
put bias voitage for the input is known or measured 
within the same test sequence. 


Under the above assumptions Rin can be correlated to 
the input current measured. The expression 


_ (Vicm — Vin) (RT) ; 
(lin) (R25) 


Rin 


where Vicm is the open input bias voltage of the Line Re- 
ceiver. When applying this correlation to the 26LS32 
die, the following criteria have been set. 


1) Vicm and lin are the values screened at wafer sort. 


2) Temperature coefficients are for 800 ohm/square 
which gives 0.96 at 0°C and 0.93 at -55°C. 


When setting limits, characterized values for Vicm have 
been used instead of the test programmed limit value. 
Rin (dif) is Rin (dif) = 2 Rin. 


For the Am26LS32/32B/33/34 


(2.56 — -15) 0.96 
lin (Max.) 


Rin Min. = = 16.8/lin (Max.) Comm., 


and 


Rin Min. = 16.3/lin (Max.) Mil. 


Worst Case Measurement for Input 
Current 


Two considerations have been used to determine the 
test condition for input current of the data path for the 
Am26LS32 Line Receiver. 


1) Input currentis tested on the 26LS32 with the pin un- 
der test at one end of the range (+15 V for example) 
and the untested pin at the opposite extreme of the 
input range under test. If both pins were at the same 
test voltage the internal bias generator would have a 
lower output voltage for tests at -15 V Vin and a 
higher output voltage at +15 V Vin. This would pro- 
duce test currents less than maximum. 

2) For the 26LS32, breakdown of the differential inputs 
is the primary failure to the data sheet specification. 
Hence, both breakdown voltage and input current 
are tested during the input current tests. 
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Test Documentation For Am26LS32/32B/34 Viu (Attachment Il) 


Input threshold (VtH) for the Am26LS32/32B/34 is de- 
scribed by the equation, 


Vn = (N+1) (14R1/R) K*T/Q (14Rh/(m (Re+Rh))) 
1(1=Rihv (M(Re+Rh))). : 


Where N+1 is the attenuator ratio, R1/R is the attenuator 
ratio mismatch, M is the ratio of the input stage currentto 
hysteresis stage current, and Rh and Rc are input stage 
loads. For Am26LS32 — 34 devices which pass function 
tests, Von and Vo tests, thresholds for all inputs within 
the operating range of the circuit. 


The Test system is unable to force input thresholds 
within the accuracy required for the Am26LS32 — 34 
specifications. Figure 1 plots the expected values for 
Vtn, the worst case values at 25°C and 155°C. Also 
shown are the test values for VtH at the —1.5 V input 
(Vin). In addition, the test voltage at —7 V Vin is shown. 
For the figure it is seen that the worst case value for the 
test limit shown would be +/-165 mV, where +/— 102 mV 


is expected for process parameters and the equation for 
Vtn. Further the 25 mV negative guardband used for 
-7 V testing is less than half the machine uncertainty of 
60 mV. 


When QA testing for AM26LS32/32B/34 is done, thresh- 
olds are screened for Vcm other than —1.5 V. These ad- 
ditional tests are considered functional tests only, and 
the precision threshold tests which insure compliance 
with data sheet limits are those tests performed where 
the inputs are tested near —1.5 V. 


The actual threshold tests are done as a sequence 
where a setup is performed which preconditions the . 
DUT to a logic one state, then the threshold correlation 
for a logic zero is tested followed by a threshold correla- 
tion for logic one to complete the sequence. The limit 
values for the setup (Vt SET), logic zero test (Vt “—"), and 
logic one test (Vt “+") are listed under VtH for supply 
value of 5.0 V. 
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Worst Case 
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-7 V Test 





Figure 1. 26LS32 Input Threshold Vr vs. Input Voltage Vin 
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Quad Differential Line Receiver 


Advanced 
Micro 
Devices 





DISTINCTIVE CHARACTERISTICS 

@ Meets all requirements of EIA Standards 
RS-442, RS-423, CCITT V.10 and V.11, and the 
new party line standard in development under 
EIA Project Number 1360. 


@ +200 mV sensitivity over input voltage range. 
™@ +150 mV sensitivity for Vom = 0. 


B@ -7 V to +12 V common mode input voltage 
range. 


M@ 12kQ minimum input impedance. 


GENERAL DESCRIPTION 

The Am26LS34 is a high performance, quad, differential 
line receiver. It has higher impedance and higher input 
voltage hysteresis than the similar Am26LS32B. The 
Am26LS34 also does not have internal fail-safe to allow 
greater user flexibility. 


Input threshold sensitivity is specified for three different 
Vem ranges. The improved sensitivity, guaranteed hys- 


BLOCK DIAGRAM 


ENABLE ENABLE 


INp+ INb- 


GND Vcc Output D 


RELATED PRODUCTS 


Part Number | Description 


INc+ INc- 


Output C 


m@ Maximum guarantees for tpp skew. 


m All AC and DC parameters guaranteed over 
military and commercial temperature ranges. 


@ Guaranteed input voltages hysteresis limits. 
= 120mV minimum 
— 300mV maximum 


H@ No internal failsafe. 
@ Pin compatible with Am26LS32/32B/33 


teresis and skew limits allow a more critical analysis of 
system performance in high noise environments and 
better system performance capability. 


All performance parameters are guaranteed over +10% -° 
supplies and over the operating temperature range. In 
addition; lot is specified to 24 mA for easy system bus 
interfacing. 


INB+ INB- INA+ INA- 





Output B Output A 


01025-001A 


26LS29 Quad Three-State Single Ended RS-423 Line Driver 


26LS30 Dual Differential RS-422 Party Line/Quad Single Ended RS-423 Line Driver 


26LS32 Quad Differential Line Receiver 





26LS33 Quad Differential Line Receiver 


Publication# 01025 Rev. B Amendment/0 


Issue Date: May 1991 
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CONNECTION DIAGRAMS 












Top View 
DIP LCC 
+ 
< 
3 a 
2S o 3 
aig se 
3 1 
Output A Input B+ 
ENABLE Output B 
NC NC 
Output C ENABLE 
Input C Output D 
01025-003A nln 
m2 0 
5 2 S = 3 
a Oo as 
£ c Qa 
~~ 3S 01025-002A 
Oo 


Note: 
Pin 1 is marked for orientation 
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ORDERING INFORMATION 
Standard Products 


AMD ct 


AMD products are available in several packages and operating ranges. The ordering number (Valid Combination) is formed 


by a combination of: ; 


AM26LS34 


| DEVICE NUMBER/DESCRIPTION 


Am26LS34 
Quad Differential Line Receiver 


PC, PCB, 
AM26LS34 DC, DCB, 
Sc 








ALTERNATE PACKAGING OPTION 


OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


TEMPERATURE RANGE 
C = Commercial (0 to 70°C) 


PACKAGE TYPE 
P = 16-Pin Plastic DIP (PD 016) 


D = 16-Pin Ceramic DIP (CD 016) 
S = 16-Pin Small Outline (SO 016) 
SPEED OPTION 


Not Applicable 


Valid Combinations 


The Valid Combinations table lists configura- 
tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 





Am26LS34 
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ORDERING INFORMATION 
Standard Military Drawing Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. Standard 
Military Drawing (SMD)/DESC products are fully compliant with MIL-STD-883C requirements. The ordering number for SMD/ 
DESC (Valid Combination) is formed by a combination of: 


5962-87596 01 E A 


| eres LEAD FINISH 


A = Solder Dip 


CASE OUTLINE 

16-Pin Ceramic DIP (CD 016) 

16-Pin Ceramic Flatpack (CF 016) 
20-Pin Leadless Chip Carrier (CL 020) 


7am 
fou ou 





MILITARY DEVICE TYPE 
01 = Am26LS34 


MILITARY DRAWING NUMBER/DESCRIPTION 
5962-8759601 


5962-8759601 EA, FA, 2A Valid Combinations 
The Valid Combinations table lists configura- 


tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD's standard military grade products. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ORDERING INFORMATION 
APL Products 


AMD products for Aerospace and Defense applications are available in several packages and operating ranges. APL 
(Approved Products List) products are fully oe with MIL-STD-883C requirements. The ordering number (Valid 
Combination) is formed by a combination of: 


AM26LS34 /B E A 


tL LEAD FINISH 


A = Hot Solder Dip 





PACKAGE TYPE (per 09-000) 


E = 16-Pin Ceramic DIP (CD 016) 

F = 16-Pin Ceramic Flatpack (CF 016) © 

2 = 20-Pin Leadless Chip Carrier (CL 020) 
DEVICE CLASS 

/B = Class B 

SPEED OPTION 


Not Applicable - 





DEVICE NUMBER/DESCRIPTION 
Am26LS34 
Quad Differential Line Receiver 


AM26LS34 | /BEA,/BFA,/B2A eens 
The Valid Combinations table lists configura- 


tions planned to be supported in volume for 
this device. Consult the local AMD sales of- 
fice to confirm availability of specific valid 
combinations, to check on newly released 
combinations, and to obtain additional data 
on AMD’s standard military grade products. 


Group A Tests 


Group A tests consist of Subgroups 
1, 2, 3, 7, 8, 9, 10, 11. 
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ABSOLUTE MAXIMUM RATINGS | OPERATING RANGES 
Supply Voltage 7.0V Commercial (C) Devices 
Common Mode Voltage +25V Temperature (Ta) 0°C to +70°C 
Differential Input Voltage ' +30V Supply Voltage (Vec) AIIM IOSD EON 
Enable Voltage 7.0 V Military (M) Devices 

: Temperature (Ta) —55 to +125°C 
O Sink 50mA 

Eee wren Supply Voltage (Vcc) 44.5 Vto+5.5V 
Storage Temperature Range -—65°C to +165°C 


Operating ranges define those limits between which the func- 
Stresses above those listed under Absolute Maximum Rat- tionality of the device is guaranteed. 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 


DC CHARACTERISTICS over COMMERCIAL operating range unless otherwise specified 


Parameter 
Symbol Parameter Description Test Conditions Typ. 


VTH Differential Input Voltage Vout = Vor or VoH | OV < Vom< +5 V 
(Note 5) ~7V <Vem<412V 1-200]. 14200 | mv 
-15V<Vems+15V| -400| [+400 


weer |npatisomss —[wenrsaw Yvan | sea) abn [ 


Input Resistance -15V<Vems+15V 


| iw | input Current (Under Test) [Vw=+12V 71.0 | mA 
| in| Input Current (Under Test)_| Viv = -7 V |__| 0.5] -0.8 | ma | 


Von | Output HIGH Voltage Voo 2 Ege A Vin = +1.0V patama_ta2o} | 


Output LOW Voltage Voc = — A Vin = —1.0 V FT Sake wR 

pw peptone [vem -ca v iacszamal at 
— Ya Enable LW Votane_- ote 2) 
Page ee ee 
Voc = Min., n= —18 mA Pts |v | 
a ee oe ee ee 
Pe an 

Output Current Tvoroav || 1 -50| 
Enable LOW Current lvm=04V Cds 0.03 ~0.2 


| im [EnableHiGH current [vm=2.7v L820 | a | 
[i [enable put righ Curent [vn=s8 va 900 Pa 


Isc Output Short Circuit Current} Vo = 0 V,Vcc = Max., A Vin = +1.0 V -30 | -65/-120 | mA 
(Note 3) 
Power Supply Current Vcc = Max., All Vin= GND, 52} 70] mA 
Outputs Disabled 


Notes: 
1. All typical values are Vcc = 5.0 V, Ta = 25°C. 
Input thresholds are tested during DC tests and may be done in combination with testing of other DC parameters. 
Not more than one output should be shorted at a time. Duration of short circuit test should not exceed one second. 

































Rin is not directly tested but is correlated. (See Attachment |) 
Input voltage is not tested directly due to tester accuracy limitations but is tester correlated. (See Attachment Il) 


ak won 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


Am26LS34 | Am26LS34 


| Min.| wax.| min. | Max.| Units | 
Pr ae eee 





















Parameter 
Symbol Parameter Description 


Propagation Delay, 
| te Input to Output 


Propagation Delay Skew, 
tPLH — tPHL 











Test Conditions 














Cr = 50 pF 


tskEWw | eae 
See test circuit 









Output Enable Time, 


a ENABLE to Output 


Output Disable Time, C.=5pF mee eee ee 
tie ENABLE to Output Seetestcircuit | | 27 | | 27 | ns | 


SWITCHING CHARACTERISTICS (Ta = +25°C, Vcc = 5.0 V) 


Parameter 
Symbol Parameter Description Test Conditions ee 


Propagation Delay, | 18 | 24 [| ns | 
na | oie ca os ee 
ae ol 


16 22 


















Ci = 50 pF 


— Propagation Del k 
SKEW opagatio ay Skew, See test circuit 


teLH — tPHL 
















Output Enable Time, 
ENABLE to Output 


Output Disable Time, CL=5 pF "1 18 
a ENABLE to Output See test circuit , 13 18 


Tristate Delays For Enable Bar 


Parameter 
Symbol Parameter Description Test Conditions Typ. 
tPZH Propagation Delay From Ci = 50 pF, Ri =1 KQ, 
ENABLE BAR to Output Ri2 = 280 Q 
tezi Propagation Delay From Ci = 50 pF, Ru: =1 KQ, 33 
; ENABLE BAR to Output Ri2 = 280 Q 
tpHz Propagation Delay From C.=5 pF, Ru =1 KQ, 20 
ENABLE BAR to Output Ri2= 280 Q 
tPLz Propagation Delay From C.=5 pF, Ru =1 KQ, 20 
ENABLE BAR to Output Ri2 = 280 Q 
{tPZH Propagation Delay From Ci = 50 pF, Ru: =1 KQ, 39 
ENABLE BAR to Output Ri2 = 280 Q 
tpzi Propagation Delay From Cr = 50 pF, Rui =1 KQ, 49 
ENABLE BAR to Output Ri2 = 280 2 
tPHz Propagation Delay From Ci =5 pF, Rui =1 KQ, 30 
ENABLE BAR to Output Rr2 = 280 2 
tPLz Propagation Delay From Ci =5 pF, Rui =1 KQ, 30 
ENABLE BAR to Output Ri2 = 280 Q 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


Must Be 
Steady 


May 
Change 


from HtoL | 


May 
Change 
from L toH 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from HtoL 


Will Be 
Changing 
from Lto H 


Changing 
State 
Unknown 


Center 
Line is High 
Impedance 
“Off” State 





KS000010 





SWITCHING WAVEFORMS 
















7 VOoH 
Output — 15V 
Vou Enable Input 
Opposite +1.0.V Output 
Phase Input — OV Normally 
Transition +0V - Low S2 Open 
01025-006A : 
_- Output 
Normally 
High S1 Open 
01025-007A 
Propagation Delay Enable And Disable Times 
(Notes 1 and 3) (Notes 2 and 3) 
Notes: 





1. Diagram shown for ENABLE LOW. 
2. S1and S2of Load Circuit are closed except where shown. 
3. Pulse Generator Rate < 1.0 MHz; Zo = 50Q; tr; tt < 2.5ns. 
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SWITCHING TEST CIRCUIT 


From Output 
* under Test 


CL Includes 
Probe and Jig 
Capacitance 





AMD cl 


Test 
Point Vcc 


1N3064 
oo 
$2 = 
01025-005A 


Three-State Outputs 
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ATTACHMENT | 


Am26LS32/32B/33/34 Input Resistance 
and Input Current 


Input resistance measurement for differential inputs on 
line receivers are generally not measured directly. In- 
stead they are correlated to an input current measure- 
ment and to the process resistor temperature coeffi- 
cient. The assumptions made include 1) Process resis- 
tor temperature coefficient is known and 2) The open in- 
put bias voltage for the input is known or measured 
within the same test sequence. 


Under the above assumptions Rin can be correlated to 
the input current measured. The expression 


oe (Vic — Vin) (Rt) 
(lin) (R25) 


where Vicm is the open input bias voltage of the Line Re- 
ceiver. When applying this correlation to the 26LS32 
die, the following criteria have been set. 


1) Vicm and lin are the values screened at wafer sort. 


2) Temperature coefficients are for 800 ohm/square 
which gives 0.96 at 0°C and 0.93 at -55°C. 


When setting limits, characterized values for Vicm have 


been used instead of the test programmed limit value. 
Rin (dif) is Rin (dif) = 2 Rin. 


For the Am26LS32/32B/33/34 


(2.56 — -15) 0.96 
lin (Max.) 


Rin Min, = = 16.8/lin (Max.) Comm., 


and . c 
Rin Min. = 16.3/lin (Max.) Mil. 


Worst Case Measurement for Input 
Current 


Two considerations have been used to determine the 
test condition for input current of the data path for the 
Am26LS32 Line Receiver. 


1) Input current is tested on the 26LS32 with the pin un- 
der test at one end of the range (+15 V for example) 
and the untested pin at the opposite extreme of the 
input range under test. If both pins were at the same 
test voltage the internal bias generator would have a 
lower Output voltage for tests at -15 V Vin and a 
higher output voltage at +15 V Vin. This would pro- 
duce test currents less than maximum. 


For the 26LS32, breakdown of the differential inputs 
is the primary failure to the data sheet specification. 
Hence, both breakdown voltage and input current 
are tested during the input current tests. 


2 


— 
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ATTACHMENT Il 
Test Documentation For 
Am26LS32/32B/34 Vsu 


Input threshold (V1H) for the Am26LS32/32B/34 is de- 
scribed by the equation, 


Vin = (N+1) (14R1/R) K*T/Q ((14Rh/m (Ro+Rh))) 
/(4-Rh/ (M(Ro+Rh))). 


WhereN-+-1 is the attenuator ratio, R1/R is the attenuator 
ratio mismatch, M is the ratio of the input stage current to 
hysteresis stage current, and Rh and Rc are input stage 
loads. For Am26LS32 — 34 devices which pass function 
tests, VoH and Vox tests, thresholds for all inputs within 
the operating range of the circuit. 


The Test system is unable to force input thresholds 
within the accuracy required for the Am26LS32 — 34 
specifications. Figure 1 plots the expected values for 
VtH, the worst case values at 25°C and 155°C. Also 
shown are the test values for VrH at the —1.5 V input 
(Vin). In addition, the test voltage at —7 V Vin is shown. 


AMD cl 


For the figure it is seen that the worst case value for the 
test limit shown would be +/-165 mV, where +/— 102 mV 
is expected for process parameters and the equation for 
VtH. Further the 25 mV negative guardband used for 
-7 V testing is less than half the machine uncertainty of 
60 mV. 


When OA testing for AM26LS32/32B/34 is done, thresh- 
olds are screened for Vcm other than —1.5 V. These ad- 
ditional tests are considered functional tests only, and 
the precision threshold tests which insure compliance 
with data sheet limits are those tests performed where 
the inputs are tested near —1.5 V. 


The actual threshold tests are done as a sequence 
where a setup is performed which preconditions the 
DUT to a logic one state, then the threshold correlation 
for a logic zero is tested followed by a threshold correla- 
tion for logic one to complete the sequence. The limit 
values forthe setup (Vt SET), logic zero test (Vt “—"), and 
logic one test (Vt “+”) are listed under VtH for supply 
value of 5.0 V. 
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26LS32 Vt — Limit 
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Figure 1. 26LS32 Input Threshold Vr vs. Input Voltage Vin 
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Am26LS38 Advanced 
Quad Differential Backplane Transceiver Be eae 


DISTINCTIVE CHARACTERISTICS 
m™ 10 Mb data rate 


mM 0.45 V DC noise margin 


@ Biasing line terminations allow low voltage 
swing while maintaining high noise margin 


Hm Pair delay 55 ns maximum 
@ Controlled driver skew to minimize noise 


GENERAL DESCRIPTION 

The Am26LS38 is a high performance backplane trans- 
ceiver designed to integrate Schottky TTL performance, 
high noise immunity and wired logic capability into a low 
cost differential backplane structure. The resulting 


BLOCK DIAGRAM 





@ Driver register and receiver latch with register 
bypass mode 


@ Driver output short-circuit protected to Vcc 
limits 

Outputs disabled during power-up and down 

mM Three-state receiver outputs maintain Hi-Z 
during power-up and down and over Vcc range 


backplane can have up to 24 receiver unit loads ina 
party-line, wired-OR logic configuration, with a guaran- 
teed fail-safe state, and operates from a single 5 V 
power supply. 





ALE L>> 
= 
EN [> Logic 
ge lf A age 
a ol 
DIA] > 
DOA <_ | 
pip | > K >| BB 
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Dic | > KI BC 
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iia © 2 eee ee, é 
DID} > K >| BD 
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CONNECTION DIAGRAM 








Top View 
‘DIP 
02163-002C 
Note: 
Pin 1 is marked for orientation. 
SYSTEM CONFIGURATION DIAGRAM 


Vt = Vec = +5 V 





| 

| Transmission 

Network 
J 





Bus Termination 








110f4 
| Am26LS38 

Transceiver 
i Sections 


PE 


02163-0030 
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ORDERING INFORMATION 
Standard Products 


AND standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: 


AM26LS38 D oc eB 


—_— OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 





TEMPERATURE RANGE 
C = Commercial (0 to +70°C) 


PACKAGE TYPE 
D = 24-Pin Ceramic DIP (CD3024) 
S = 24-Pin Small Outline (SO 024) 


SPEED OPTION 
Not Applicable 


DEVICE NUMBER/DESCRIPTION 
Am26LS38 
Quad Differential Backplane Transceiver 


_. Valid Combinations Valid Combinations 
Valid Combinations list configurations planned to be 
pMeSEOSE pe Cee? supported in volume for this device. Consult the lo- 
: ; _cal AMD sales office to confirm availability of specific 
valid combinations or to check on newly released 


combinations, and to obtain additional data on 
AMD's standard military grade products. 
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PIN DESCRIPTION 


TCS oS a re cl 


1/O | Paired open emitter (Bi)/ open collector (Bi) driver outputs and receiver inputs. The 
driver outputs are either simultaneously active or simultaneously inactive. In the in- 
active state (Dli= LOW) both drivers (Bi and Bi) are turned off and the voltage differ- 
ential representing the OFF state is determined by the line terminating resistor net- 
works. Inthe active state (Dli= HIGH), both drivers are driven on and act to reverse 
the voltage differential across the line to produce the ON state. 

The open-emitter/open-collector outputs are always connected in a wried-OR 
(or wired-AND) configuration. A driver is disabled by making its outputs inactive. 


Bus Enable operates to enable or disable all output drivers by making them inactive 
when BE = HIGH and controlled by data input when BE = LOW. 


| 643) [cP [st | Clock Pulse input to the driver register enters data on the LOW-to-HIGH transition. 


3,5, 7, | DIA, DIB, Data inputs each driver’s buffer or register. A HIGH input to Dli will result in an 
9 DIC, 
DID (Dli) 











































active (ON) output. A LOW input will cause an inactive (OFF) output. 





Receiver data latch outputs. An inactive bus (OFF state) will produce a LOW DO; 
output and an active bus (ON state) will produce a HIGH DO; output. 


Clock Enable for the driver registers. EN = LOW enables Dlidata to be clocked into 
the respective register. EN = HIGH acts to hold previous data in each register 
regardless of the state of CP. 


OE Output Enable for the receiver latch output buffer. When CEis LOW the outputs are 
enabled. When OE is HIGH all receiver outputs are in the high impedance state. 
Receiver Latch Enable for the receiver latches. When RLE is HIGH the latches are 


transparent. When RLE is LOW received data meeting the setup and hold 
requirements relative to the HIGH-to-LOW transition of RLE will be stored. 


Select input control for the drivers. When S is HIGH driver data from the registers 
will be selected (Register Mode). When S is LOW (Buffer Mode) the drivers respond 
to the Dli inputs directly, bypassing the driver registers. 

















BS _ fu buffer mode (loop test) 


Driver register mode 


DOin-1 | Receiver in circulation 


L 

H 

L Receiver latch mode 

H 

Z Receiver output in high 
impedance state 





T = LOW-to-HIGH transition of clock 
DOin-1 = Previous state of DO; 

Z = High impedance 

X = Don't care 

NA = Not applicable 
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FUNCTIONAL DESCRIPTION 


The Am26LS38 represents a new approach in back- 
plane transceiver design. Its unipolar differential signal- 

‘ing scheme minimizes problems associated with 
crosstalk and the loss of noise immunity due to common 
mode voltage while providing high speed, party line and 
wired logic capabilities. 


A good ground system and shielding are the best meth- 
ods for limiting noise on the backplane. Ground planes 
can significantly reduce inductive ground voltage ring- 
ing. Where multilayer PC backplane are not a reason- 
able choice, a differential bus can be created using the 
Am26LS38 and twisted pair or any balanced transmis- 
sion medium. 


A backplane designed with an Am26LS38 has 3 main 


elements; 1) a driver section, 2) a receiver section, 3) 
and a controlled impedance differential line with a pre- 
biasing line termination. The scheme for driver, re- 
ceiver, and termination resistors is shown in Figure A. 


System Operation 
The system has two operational states. 


1. Active — driver outputs on 
2. Passive — driver outputs off 


This 2-state (active/passive) operation makes passive 
or wired logic functions possible. In the passive state, 
the lines assume a known polarity and voltage (pre-bi- 
ased bus). The passive bus state may be assigned 
either the false (wired-OR) or true (wired-AND) sense, 
potentially reducing the number of backplane signal 
lines. 


The 2-state driver employs active pull-down (open col- 
lector) and active pull-up (open emitter) output stages 
(Figure A). When a driver is active, both output stages 
turnon. This impresses a 0.5 V minimum voltage differ- 
ential on the bus, reversing the voltage across Ra. Inthe 
passive mode both output stages are off. The voltage 
levels and polarities return to the conditions set by the 
pre-biasing resistive network. In either state the voltage 
across the differential lines are symmetrical about 
Vcc/2. The system achieves high speeds because the 


AMD cl 


voltage levels required to change state are very close to- 
gether. 


The receiver is designed with a +50 mV threshold volt- 
age. This low threshold level combined with a driver out- 
put greater than 500 mV provides ahigh degree of toler- 
ance to attenuation and reflection effects in the cable. 
Receiver hysteresis provides differential noise immu- 
nity. Without hysteresis, a small amount of noise around 
the switching threshold could cause errors. 


Propagation delay skew (teHL — teLH) is controlled. The 
system allows up to 1.5 V of common mode voltage. 


Terminating the Transmission Line or Bus 


Common mode reflections in the line can be reduced 
significantly by symmetrically terminating the bus. This 
increases the tolerance to common mode noise. Cen- 
tering the network at Vcc/2 (Ri = Rs) further improves 
the performance by causing all induced noise and re- 
flections to appear as a common mode signal 
(Figure B). 


VT 

Ri 

Vi 
— 
Voc Re RTH = Zo 

V2 ? 

R3 

= 02163-004C 


Figure B. Termination Circuit 
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Driver | 
Output 
Section | 


Rs 





VT 


Ri 


Re 


pene | 


Receiver 
Input 
Section 


cc----— 


02163-005C 


Figure A. The Scheme for Driver, Receiver, and Termination Resistors 


A first order approximation of resistor values may be de- 
veloped by letting the ratio of R1 to Re be 2:1, and the 
Thevenin equivalent resistance of the termination equal 
the characteristic impedance of the line (Zo). 


Then: 


1) Vi V x 

Eee ENT R2 + 2R1 
2RiRe2 

2) Rt = 

eres 2R: + Re 


From equation (1) and (2), 


lf Vr =5 V, Voc = 1.0 V, and RTH = 90Q = Zo, we can de- 
rive that Ri ~220Q, Re ~110Q. 


Second order adjustments require attention to unit load- 
ing factors (receiver differential input resistance is in 
parallel with Ra), transmission rates and a host of other 
factors. 


Data Path 
Figure C shows the data path from one driver to another 


_receiver for one bit of the bus interface. 


The transmit register or buffer and receiver latch are 
configured to provide two modes of operation. The reg- 
ister and latch can provide local storage for output and 
input data. In the non-storage mode the buffer input to - 
the driver can be selected and the receiver can be wired 
transparent. Incorporating storage on-chip provides im- 
proved speed and lower package count without signifi- 
cant penalty in the non-storage mode. 





VTRTH 
3) Ri = 
ashe 2Voc 
VTRTH 
4) Ro=—-—— 
ane VtT—- Voc 
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Internal Bus 


on Transmit Transmit 
EN Register Buffer 











\ A Driver Output 
Vv Unit 


[eee aren COeae mS) 


dl External Bus 





“ 








RLE Receive 
OE Latch : Receiver a 


| oo ae ek Unit 


Internal Bus 











02163-006C 
Figure C. The Data Path for One Bit of the Bus Interface 
Ri Ri’ 
2 
Zo Ra Ro Ra’ 
Q 
Ri Ri’ 
aa = 02163-007C 
Equivalent Circuit Recommended Termination 


Termination Resistors and Equivalent Impedance Equivalent Termination Versus DC Resistance 










88.0Q 44.0Q 
120.0Q 60.0Q 





Minimum line Vo (differential voltage) = 0.5 V 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Supply Voltage 7.0V Commercial (C) Devices 

Common Mode Range - Oto Vec Temperature 0 to +70°C 
Differential Mode Range i 0 to Vcc Supply Voliage 44.75 Vil0 45.25,V 
Logic Inputs 5.5 V Operating ranges define those limits between which the func- 
Storage Temperature Agige -65 to +150°C tionality of the device is guaranteed. 


Stresses above those listed under Absolute Maximum Rat- 
ings may cause permanent device failure. Functionality at or 
above these limits is not implied. Exposure to absolute maxi- 
mum ratings for extended periods may affect device reliability. 





DC CHARACTERISTICS over operating ranges unless otherwise specified 


_ |Parameter 
Symbol |Parameter Description Test Conditions Typ. 


a Driver Output 


Output Differential BE = LOW Dii = HIGH 
volege EADIvet Rae) Test Circuit #1 V 
Vai - 
vans Current Dli = HIGH nes Se r 
Test Circuit #2 m 
Isc Output Short Circuit Vec = 5.5 V -150 mA 
Current 


Bus Receiver Input 


[BusRecelver Input 
oe, eee. [=p [= [= 
| Rin |inputResistancetoGND_|Q<Vcc <VocMax. | 4 | 5.7 | 
|_R | Differential input Resistance] 0<Vco <VccMax. | 8 | 4 | | ke 
| Vos__[Center Voltage | Test Circuit #3 Active and Passive _| 2.0 | Vec/2| 3.0 | V_| 


|Vos|-|Vos] | Center Voltage Difference | Test Circuit #3 300 | mV 
(Active vs Passive) 


Non-Bus Input and Outputs 


ce ee 
[vow fourput eee Speen eneeedma. | 20: Iese(n a 
Mi lo=32mA_ [| | |S 
a Low Votage | AYweO1Y oom tos demas | 
Input HIGH Voltage Guaranteed Input Logical HIGH 2.0 
Voltage for All Inputs 
Input LOW Voltage Guaranteed Input Logical LOW 
Voltage for All Inputs 






















feats [| 28 | 00 a 
u —linpurtowcuren | vw=o4v [Gonter |__| 065 [ =1.0 | ma 





[lock | SAO] A 
[a linpat HIGH Curent Vener CC*dS 


[ise [Output Shon Circut Gureni| Voo=55V__———~—*d; (S| 150 | 250] mA 
[1 |iputteskage Gorent [vaessv | 
[We input Clamp Votage | w=—t@maA_______| | -o7e | av] 


Vo=24V a eT 
ee eee 
PowerSuppyGuren [BE OE=wen || as [ma 
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SWITCHING CHARACTERISTICS (Ta = +25°C, Vc = 5.0 V) 











a a 
Symbo! |Parameter Description Test Conditions 

Dli to Bi/Bi Propagation BE =LOW ae See ee eee 
tose [Delay Passe |s-tow MU 740 | 
CP to Bi/Bi Propagation BE = LOW tf 10.5 | 16 | 
[tose [Dela Passive |S=HIGH NUN! | a3 Tt | 
BE to Bi/Bi Propagation Di=HIGH occult #1 | =f 85 | 12 | 
| tep | Dela [Passive |S =LOW Be ocd [Be | 
Dli to Clock Setup Time | 5 | 25 | | 
Ei 
| ts —_[ENtoClockSetup Time xe aA hd 
zs == 









Bi/Bi to RLE Hold Time 








_ 
vu 
ion 


SE , RLE =HIGH _ Test Circuits 
ipa BE to DOj Propagation Delay OE - LOW #1, #4 


{PL S = LOW =a. 
Dli to DO; (Buffer Mode) . | RLE=HIGH as cous 
tPHL OE = LOW 


tPLH S = HIGH to 
CP to DOi (Register Mode) RLE = HIGH Ung ea 
aed OE = LOW 


ned Cr = 50 pF Test Circuit #4 ae 
a 
OE to DOj Disable Time _ CL=5 pF Test Circuit #4 ae 
SE | | 7 
i Di i Test Circuit #4 
Eoteiee oe as Te! 
B/Bito DO Bee Lo Test Circuit #4 12, 





eae 
eal 
ae 
es 
cme 
= ircuit #4 
aed Se Se eae 


tPHL 


Hua : 





ie a 





RLE Pulse Width HIGH i ee | 
Vec=5V Test Circuit #1 
Ci. = 50 pF 

Measurement Vcc/2 



















Propagation Delay Skew 
(tPLH — tPHL) 


tskEw 








Am26LS38 . 4-83 


AMD cl 
SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
Parameter 


Ta = 0 to +70°C 
Vcc = 5.0 V+10% 
Symbol! | Parameter Description Test Conditions 


| Min. | Max. 
Dii to Bi/ Bi Propagation BE=LOW  TestCircuit#1] | 12 | 
Dela S = LOW a eee 
CP to Bi/ Bi Propagation BE =LOW Test Circuit #1|. | 20 | 
Delay Passive | S = HIGH | fe Ota 
| tea __| BE to B/ Bi Propagation Dli = HIGH Test Circuit #1] ==. | 17 | 
| tre | Delay S = LOW re ee 
| ts | DiitoClock Setup Time i a ee 
| tu | Dito Clock Hold Time a TRE 
= oe 
a ee 

ee a 


| ts | BVBitoRLESetupTime 
eee ee 
ea: ae C.=50pF _TestOircutwa’ | 17_—| 


B/ Bi to RLE Hold Time 
OE to DOi Disable Time 
Ci=5p TestCircuit#4] | 10 


ipa. a 
Et to DOi Enable Time. Test Circuit #4 
i ee 


—_ ed 15 
RLE to DOi OE = Test Circuit i=. =| 8 
SUE nS. BLE a Test Circuit i-— 


BE to DO} Propagation RLE=HIGH Test Circuits 
Delay OE=LOW _ #1, #4 


S$ = LOW Test Circuits 
RLE = HIGH #1, #4 

OE = LOW 
S = HIGH Test Circuits 
RLE=HIGH #1, #4 
= = LOW 



















































D 














tPLH 









Dli to DO; (Buffer Mode) | 









{PHL 










{PLH 









CP to DO: (Register Mode) 







tPHL 


yew | Clock Pulse Width 12. 


RLE Pulse Width HIGH 


Vec =5 V Test Circuit #1 
tsKEW Propagation Delay Skew Ci = 50 pF 47 
(tet — teHL) Measurement Vcc/2 
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KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


RLE 


oo mle 





INPUTS 


Must Be 
Steady 


May 
Change 


. fromH tol 


May 
Change 
from Lto H 


Don't Care, 
Any Change 
Permitted 


Does Not 
Apply 


OUTPUTS 


Will Be 
Steady 


Will Be 
Changing 
from H to L 


Will Be 
Changing 
from L to H 


Changing, 
State 
Unknown 


Center 

Line is High 
Impedance 
“Off” State 





Dl to Bi,Bi, DO; (Buffer Mode) 


Am26LS38 


45V 


OV 


3V 
1.5V 
OV 


Vec/2 


Vcc/2 
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RLE 45V 
s 
OE I IY 
BE 
. aks ee Ss See SPSS | 7 
| == —<—— Vv 
ts > ty 
— 3V 
ea See EY 
CP _ ov 
tPWH 
_ 3V 
Dili ra dV 
Sa }_/| OV 
ts tH ts {tH 
Bi ee V2 
Bi —_——— Vec/2 
tcBP 
DO} 15 V 
tPLH tPHL 
02163-009C 
CP to Bi,Bi, DO: (Register Mode) 
Dii 45V 
RLE 
S$ 
BE OV 
DO} -1.5V 
02163-010C 


BE to Bi,Bi, DO; (Passive and Active) 
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tSKEW 
Bi 
Vec/2 
Bi 
02163-011C 
Output to Output 
BE OV 
3V 
RLE 1.5V 
OV 
Bi Vec/2 
Bi Vec/2 
DO} 1.5V 
02163-012C 
RLE to DOi 
OE 15V 
DOi 
Output 
Normally Low =, % 
—F. 
VOH 
DOi 
Output 
Normally High 
02163-013C 


OE to DO: 
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SWITCHING TEST CIRCUITS 





Test Circuit #1 





Test Circuit #3 


Notes: 


02163-016C 









1. CL=50 pF unless otherwise specified. 


2. S1and S2 are closed except where shown. 
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Ri = 200Q 
R2 = 50Q 
CL= 50pF 
02163-0146 02163-015C 
Test Circuit #2 
Test Point Vee 
From Output Ri 
Under Test 1800 
All Diodes 
CL Includes 
Probe and Jig NZ 1N916 or 
Capacitance 
S2 | 
02163-017C 
Test Circuit #4 
Am26LS38 





Use of the Am26LS29, 30, 31 and 32 


at 


Quad Driver/Receiver Family in EIA RS-422 


and 423 Applications 





INTRODUCTION 


EIA RS-423 is an unbalanced, bipolar voltage specifica- 
tion designed to interface with RS-232C, while greatly 
enhancing its operation. It permits the communication of 
digital information over distances of up to 2000 feet and 
at data rates of up to 300 Kilobaud. EIA RS-422 is a bal- 
anced voltage digital interface for communication of 
digital data over distances of 4000 feet or data rates of 
up to 10 megabaud. 


Advanced Micro Devices has developed a family of — 


monolithic Low-power Schottky quad line drivers and 
receivers to meet the requirements of these 
specifications. 


The Am26LS29 and 30 line drivers and the Am26LS32 
receiver meet all requirements of RS-423 while the 
Am26LS31 differential line driver andthe Am26LS32 re- 
ceiver meet the requirements of RS-422. — 


Asecond receiver element, the Am26LS33 is available 
for use in high common mode noise environments, ex- 
ceeding the common mode voltage requirements of 
RS-411 and RS-423. 


This application note reviews the use of these devices in 
implementing the EIA RS-422 balanced interface. 


EIA STANDARD SPECIFICATION 


Two basic forms of operation are available for transmis- 
sion of digital data over interconnecting lines. These are 
the single ended and differential techniques. 


The single-ended form uses a single conductor to carry 
the signal with the voltage referenced to a single return 
conductor. This may also be the common return for 
other signal conductors Figure 1a. 


The single-ended form is the simplest way to send data. 


as it requires only one signal line per circuit. This sim- 
plicity, however, is often offset by the inability of this 
form to allow discrimination between a valid signal pro- 
duced by the driver, and the sum of the driver signal plus 
externally induced noise signals. 


A solution to some of the problems inherent in the sin- 
gle-ended form of operation is offered by the differential 
form of operation. Figure 1b. This consist of a differential 
driver (essentially two single-ended drivers with one 
driver always producing the complementary output sig- 
nal level to the other driver), a twisted pair transmission 


Publication # Rev. Amendment Issue Date 
15428 A /0 5/91 


Enable 





Data : : 
—>7Zo ! “— Zo Data 
' ' Enable 


a. Single Wire with Common Ground 


Data 


Enable 
b. Two Wire Balanced System 


15428-001A 
Figure 1. Data Communication Techniques 


line and a differential line receiver. The driver signal ap- 
pears as a differential voltage to the line receiver, while 
the noise signals appear as acommon mode signal. The 
two signals, therefore, can be discriminated by a line re- 
ceiver with a sufficient common mode voltage operating 
range. 


The Electronic Industries Association, EIA, has defined 
a number of specifications standardizing the interface 
between data terminal equipment and data circuit termi- 
nating equipment based on both single-ended and dif- 
ferential operation. 


The RS-232C electrical interface is a single-ended, bi- 
polar-voltage, unterminated circuit. This specification is 
for serial binary data interchange over short distances 
(up to 50 feet) at low rates (up to 20 Kilobaud). It is a pro- 
tocol standard as well as an electrical standard, specify-. 
ing hand shaking signals and functions between termi- 
nal and the communications equipment. As already 
noted, single-ended circuits are susceptible to all forms 
of electromagnetic. interference. Noise and cross talk 
susceptibility are proportional to length and bandwidth. 
RS-232C places restrictions on both. It limits slew rate 


__Of the drivers (30 V/s) to control radiated emission on 


neighboring circuits and allows bandwidth limiting on 
the receivers to reduce susceptibility to cross talk. The 
length and slew rate limits can adequately control reflec- 
tions on unterminated lines, and the length and 
bandwidth limits are more than adequate to reduce sus- 
ceptibility to noise. 


Like EIA RS-232C, EIA RS-423 is also a single-ended, 
bipolar-voltage unterminated circuit. It extends the dis- 
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tance and data rate capabilities of this technique to dis- 
tances of up to 4000 feet at data rates of 3000 baud, or at 
higher rates of up to 300 Kilobaud over a maximum dis- 
tance of 40 feet. 


EIA RS-422 is a differential, balanced voltage interface 
capable of significantly higher data rates over longer 
distances. It can accommodate rates of 100 Kilobaud 
over a distance of 4000 feet or rates of up to 10 
megabaud. These performance improvements stem 
from the advantages of a balanced configuration which 





Vss = |[Vi- Vil 

Vss = Differences in steady state voltages 
RL = 3KQ to 7KQ 

Vss min. = +5 V; Vss max. = +25 V 
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is isolated from ground noise currents. It is also immune 
to fluctuating voltage potentials between system ground 
references and to common mode electromagnetic inter- 
ference. Figure 2 compares the driver output waveforms 
for the three EIA standard configurations, while Table 14 
compares the key characteristics required by drivers 
and receivers intended: for these applications. Since 
RS-232C has been in use for many years, RS-422 and 
423 parameter values have been selected to facilitate 
an orderly transition from existing designs to new equip- 
ment. bs 


1.1 Vss 







0.9 Vss 0.1 Vss 


0.1 V 
Pees 0.9 Vss 


1.1 Vss 


a. EIA RS-232C Generator Output 





< 0.1 to when tp = 200ns 
tr < 20ns tp when to < 200ns 


Vss Differences in steady state voltages 
Vss = |Vr— Vil 
Vss min. = 2.V; Vss max. =6V 







1.1 Vss 
0.9 Vss 





0.1 Vss 


-0.9 Vss 
1.1 Vss 


e— tp 


Time duration of the unit interval at the applicable modulation rate 


b. EIA RS-422 Generator Output 





= \Vr— Vil 


Vss 
Vss = Difference in steady state voltages 
Vss min. = +3.6 V; Vss max. = +6 V 
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0.1 Vss 


0.9 Vss 
1.1 Vss 
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c. EIA RS-423 Generator Output 
Figure 2. Driver Output Waveforms. 
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Table 1. Key Parameters Of EIA Specifications 





Form of Operation Single Ended 
Max. cable length 50 










Driver output short 






Driver output slew rate 





30 V/usec Max. 






“+ indicates polarity switched output. 


Characteristics EIARS-232C | EIA RS-423 EIARS-422 | Units | 


Single Ended 


Max. data rate 20K 300K 


Driver output +25 +6 6 volts Volts (Max.) 
voltage, open circuit* between outputs 

Driver output +5 to +15 +3.6 2 volts Volts (Min.) 
voltage, loaded output* between outputs 

Driver output resistance Ro = 300Q 100A between 100A between 
power off —6 to +6 V +6 and -.25 V 

+500 +150 / +150 mA (Max.) 
Circuit current ISC \ 


Slew rate must be 
controlled 


based upon cable 
length and 
modulation rate 


Receiver input 3K to 7K 24K 24K Q 
resistance Rin — 





Receiver input thresholds -0.2 to +0.2 0.2 to +0.2 
Receiver input voltage —25 to +25 -—12 to +12 —12 to +42 Volts (Max.) 











Differential 
4000 Feet 
10M Baud 











No control 
necessary 







Volts (Max.) 





INTEGRATED CIRCUIT 
CHARACTERISTICS 


The Am26LS29, 30, 31 and 32 are a family of quad driv- 
ers and receivers designed specifically to meet the EIA 
standards. These products utilize Low-Power Schottky 
technology to incorporate four drivers or four receivers, 
_ together with control logic, in standard 16-pin package 
outlines. 


The Am26LS29/30 and the Am26LS32 are driver and 
receiver pairs designed to implement the single-ended 
EIA RS-423 standard. The Am26LS31 is a differential 
line driver designed for use with the Am26LS32 receiver 
in a differential mode to meet EIA RS-422. 


AM26LS29 AND AM26LS30 QUAD 
RS-423 LINE DRIVERS 


The Am26LS29 and 30 consist of four single-ended line 
drivers designed to meet or exceed the requirements of 
RS-423. The buffered driver outputs are provided with 
sufficient source and sink current capability to drive 50 
ohm to a virtual ground transmission line and high ca- 
pacitive loads. The Am26LS29 has a three-state output 
control while the Am26LS30 has a Mode control input 


that allows it to operate as a dual RS-422 driver (with 
suitable power supply changes), Figure 3. 


Each of the four driver inputs, as well as the Enable/ 
Mode Control input is a PNP Low-Power Schottky input 
for reduced input loading, one-half the normal fan-in. 
Since there are two inverters from each input to output, 
the driver is non-inverting. When operating in the 
RS-423 mode, the Am26LS29 and 30 require both +5 V 
and —5 V nominal value power supplies. This allow the 
outputs to swing symmetrically about ground—produc- 
ing a true bipolar output. The mode Control (Pin 4) of the 
Am26LS30 should be HI or tied to Vcc. Each output is 
designed to drive the RS-423 load of 50 ohms with an 
output voltage equal or greater than +3.6 V in the HI 
state and —3.6 V in the LO state. Each output is current 
limited to 150 mA max. in either logic state. A Slew Rate 
control pin is brought out separately for each output to 
allow output ramp rate (rise.and fall time) control. This 
provides suppression of near endcross talk to other re- 
ceivers in the cable. Connecting a capacitor from this 
node to that driver’s respective output will produce a 
ramp (10% to 90%) of 50 ns typical for each picofarad of 
capacitance in that capacitor. RS-423 establishes rec- 
ommended ramp rates versus length of line driven and 
modulation rate, Figure 4. 
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Table 2. Advanced Micro Devices’ E!A Compatible Devices 


RS-422 Am26LS31 AM26LS32 


Quad Differential Quad Differential Driver 
RS-423 

























Am26LS32 
Quad single-ended/ 
Differential Receiver 










Quad Driver with 
three-state output 


Am26LS30 
Quad Driver with slew 
rate control 







with three-state single-ended Receiver 
control gating 

Am26LS29 
The Am26LS30 can be use at low data rates as a dual 
EIA RS-422 driver with three-state outputs by connect- 
ing the Vee supply andthe mode control input to ground. 


AM26LS31 QUAD RS-422 DRIVER 


The Am26LS31 is a quad differential line driver de- 
signedto meet the RS-422 specification while operating 
with asingle +5 V supply. Acommon enable and disable 
function controls all four drivers, Figure 5. The driver 
features high speed, de-skewed differential outputs with 
typical propagation delays of 12 ns and residual skew of 
2 ns. Both differential line outputs are designed for 
three-state operation to allow two-way half duplex and 
multiplex, data bus applications. 















Am26LS29 
SR Control A 
Input A Output A 
SR Contro! B 
Input B Output B 
SR Control C 
Input C Output Cc 
SR Control D | 
Input D Output D © 
V+ 
Ground 
y- — 


Enable 


Table 3 is a summary of the essential requirements of 
the RS-422 standard. Section A describes the key char- 
acteristics satisfied by the Am26LS31 driver. 


The balanced differential line driver consists of two 
halves, each of whichis similar to a Low-power Schottky 
TTL gate with equal source and sink current capability. 
The two halves are emitter coupled in a differential input 
configuration. One side of the input circuit is tied to a 
fixed TTL bias threshold and the other side is tied to. a 
sink diode in normal DTL/TTL fashion. This configura- 
tion offers complementary outputs with very low skew, 
dependent only upon component matching a necessity 
to meet RS-422. 








Am26LS30 
RS-423 Operation (Mode Control HIGH) 
SR Control A 
Input A - os Output A 
, SR Control B 
Input B \: Output B 
SR Contro! C 
Input C | = Output C 
SR Control D 
Input D —| = Output D 
V+ 
Ground 
V—- — — Mode Control 
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a. Logic Diagrams 
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(6) C Input 
3B Input 


Heremeee de [eaeeres 
rae 
al a 


4 
D 
4 


Roe 
\/ 
Das 


2 A Input 
(7) D Input 





16 ASlew 
° (13) BSlew 
(12) C Slew 
(9) OSlew 


b. Circuit Diagram for Am26LS30 
Figure 3. Am26LS29 and Am26LS30 Drivers. 





The circuit diagram of the driver is shown in Figure 6. 
The emitter-coupled input circuit is formed by Q2 and 
Q3, which are biased by a current source. This source is 
a current mirror, formed by Q1 which supplies the cur- 
rent, and D6 which is diode connected transistor 
matched to Q1. The fixed bias for Q3, formed by D5 and 
D6, is 2VBE. A 2VBE bias, less the D2 Schottky diode 
drop, provides the normal Low-power Schottky TTL 
threshold, Vit = 0.7 V. R19 provides a boost to 0.8V fora 
full 400 mV TTL noise margin. The differential outputs of 
the emitter coupled stage, A and A, drive emitter follow- 
ers Q14 and Q15, which provide the required speed and 
matching characteristics. The emitter followers, drive 
phase splitters Q4 and Q5, which in turn drive totem- 
pole outputs. The outputs at the line interface are of 
standard Low-power Schottky TTL configuration, ex- 
cept that circuits values are modified to provide high 
sourcing capability. The outputs are designed to source 
or sink 20 mA each, so that they can generate a voltage 
of at least 2.0 V across a 100 ohm load, as required by 
RS-422. Additional circuitry has been included to make 
the line outputs three-state for two-way bus applica- 
tions. The Am26LS31 meets the RS-422 requirement 
that the driver not load the line in the powered down con- 


dition (Ix < 100 pA) or if the power supply to that device 
should fail. 


AM26LS32 QUAD RS-422 AND 
423 RECEIVER 


The Am26LS32 is a quad line receiver which, operating 
from a single 5 volt supply, can be used in either differ- 
ential or single-ended modes to satisfy RS-422 and 423 
applications respectively. A complementary enable and 
disable feature, similar to that onthe driver, controls all 
four receivers, Figure 7. The device’s three-state out- 
puts, which can sink 8 mA, incorporate a fail-safe input- 
output relationship which keeps the outputs high when 
the inputs are open. 


The Am26LS32 meets the receiver input specification of 
Table 3, a 200 mV threshold sensitivity with common 
mode rejection exceeding the supply line potentials, 
(greater than 7 V). The same design feature of the input 
circuit which provides the common mode rejection also 
insures excellent power supply ripple rejection, which is 
important when switching the high currents involved ina 
system’s interfaces. Furthermore, unlike operational 
amplifiers, where the DC common mode and power 
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supply rejection ratios roll off with open loop gain, the full ceived on long lines can have slow transition times, and 
rejection capability of this line receiver is maintained at without hysteresis, a small amount of noise around the 
high frequencies. The receiver hysteresis of typically switching threshold can cause errors inthe receiver out- 
30 mV, provides differential noise immunity. Signals re- put. 

100K ~1M 







300k 


100k 


Cable Length 
(Feet) 


Data Modulation 
Rate (Bauds) 
10k 





PJ N ok 


Genon Rare ainmminS 


300 100 


100 1k - 


107 100 


15428-005A 
Risetime—us 


Figure 4, Data Modulation Rate or Cable Length Versus Risetime for EIA RS-423 





Enable Enable Input D . Input C Input B | Input A 





GND Vcc Output Output Output Output Output Output Output Output 
D2 D1 C2 Ci B2 B1 A2 Al 


15428-006A 
Figure 5. Am26LS31 Logic Diagram 
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Table 3. Summary Of EIA RS-422 Standard For A Balanced Differential Interface 


A. Line Driver 


Open Circuit Voltage (either logic state) 


Differential 
Common Mode 


|Vdo| < 6.0 V 
|Vemo| < 3.0 V 
Differential Output Voltage (across 100 ohm load) 

Either logic state |Va| = max. |0.5 Veo, 2.0 V] 


Output Impedance 


Either logic state Re < 100 ohms 


Ware opace Level Symmetry (across 100 ohm 
load) 


Differential 
Common Mode 


|Vas| — |Vam] < 0.4 V 
|Vems| — |Vemm] < 0.4 V 


Output Short Circuits Current (to ground) 
Either Output |Isc] < 150 mA 


Output Leakage Current (power off) 


Voltage Range -0.25V<Vx<+6.0V 
Either Output at Vx lix} < 100 pA 


Rise and Fall Times (across 100 ohm load) 
T = Baud Interval (tr, tt) < max. (0.1T, 20 ns) 


Ringing (across 100 ohm load) 
Definitions 
Vass = Vad (steady state) 
Vss = Vas — Van (Steady state) 
Limits (either logic state) 
Percentage 
Absolute 


|Va — Vass| < 0.1 Vss 
2.0 V <|Va] < 6.0 V 


C. Interconnecting Cable 


_ Type 
Twisted Pair Wire or Flat Cable Conductor Pair 


Conductor Size 


Copper Wire (solid or stranded) 24 AWG or larger 
R < 30 ohms/1000 ft. 


Other (per conductor) 


Capacitance 


Mutual Pair 
Stray 


Pair-to-Pair Cross Talk (balanced) 
Attenuation at 150 KHz 


B. Line Receiver 


Signal Voltage Range ° 
Differential, — {Val < 6.0 V 
Common Mode |Vcm| < 7.0 V 


Single-Ended Input Current (power ON or OFF) 


Either Input at Vx |Vx{ = 10 V 
Other Input Grounded lv] $< 3.25 MA 


Single-Ended Input Bias Voltage (other input 
grounded) 


Either Input Open Circuit |Ve} <3.0 V 


Single-Ended Input Impedance (other input 
grounded) 


Either Input Ri = 4000 ohms 


Differential Threshold Sensitivity 
Common Mode Voltage Range 
Either Logic State 


Absolute Maximum Input Voltage 
Differential 
Single-Ended 

Input Balance (threshold shift) 


- Common Mode Voltage Range Ver| <7.0V 
Differential Threshold (500 ohms in series with 


‘each input) 
Either Logic State \Vi| < 400 mV 


Termination (optional) 
Total Load Resistance (differential) Rr > 90 ohms 


|Vem) < 7.0 V 
\Vr] < 200 mv 


\Val $12V 
[Vx] < 10 V 


Multiple Receivers (bus applications) 
Up to 10 receivers allowed. Differential threshold 
sensitivity of 200 mV must be maintained. 


Hysteresis (optional) 
As required for applications with slow rise/fall time 
at receiver, to contro! oscillations. 


Fail Safe (optional) 


As required by application to provide a steady 
MARK or SPACE condition under open connector 
or driver. 


power 
OFF condition. 
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Figure 6. Am26LS31 Circuit Diagram (Only One Driver Shown) 





Use of the AM26LS30, 31 and 32 Quad Driver/Receiver 


Vee 


GND 


To Other 
3 Drivers 


(Feed Thru) 


15428-007A 





Enable Enable 


INb2 IND1. INc2 INc1 


INe2 INB1 = INa2 INai 





GND Vcc rah 


Output 
Cc 


Output Output 
B 
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Figure 7. AM26LS32 Logic Diagram 





The balanced differential line receiver is a three-stage 
circuit. The input stage consists of a low-impedance dif- 
ferential current amplifier with series resistor inputs to 
convert line signal voltage to current and provide a mod- 
erate input impedance. The input resistors provide im- 
pedance greater than 6K on each input, power on or 
power off, which exceeds the requirements of RS-422 
and RS-423. This is one advantage of the current ampli- 
fier input circuit. Another advantage is that it can operate 


with immunity to common mode voltages above Vcc and 
below ground. The differential threshold sensitivity of 
this circuit is 200 mV, as required by RS-422. The sec- 
ond stage is a differential voltage amplifier, which inter- 
faces to the single-ended output stage through an emit- 
ter follower. The output stage is a standard Low-power 
Schottky TTL totem-pole output with three-state capa- 


“bility. 
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Note: — 


R3 and Ra values for Am26LS32 are half the Am26LS33 values. 


To Other 
3 Circuits 


15428-009A 


Figure 8. AmM26LS32 and Am26LS33 Circuit Diagram (Only One Receiver Shown). 


The full circuit is shown in Figure 8. Resistors Reo and 
R21, which connect the non-inverting input to Vcc and 
the inverting input to ground, provide the fail-safe fea- 
ture, which guarantees a HIGH logic state for the re- 
ceiver output when there is no signal on the line. The dif- 
ferential voltage amplifier in the second stage is formed 
by Qe and Qs which are biased by current source Q9. 
The hysteresis in the receiver switching characteristic is 
provided by Qs and Qs, a differential pair biased by cur- 
rent source Qe, whose collectors are connected in posi- 
tive feedback to the input pull-up circuits. A small 
amount of current is switched by Q4 and Qs, which must 
be overcome by the different voltage signal, resulting in 
the hysteresis. The output stage is driven from one side 
of the differential second stage by emitter follower Q17, 


which is a multiple emitter transistor. The second emit- 
ter is the control point for the three-state output. Q17 
drives the phase splitter Q12, which in turn drives the 
three-state totempole output. The remainder. of the cir- 
cuit is the output enable control logic. This three-state 
Capability on the receiver TTL side of the interface is a 
useful feature for modularizing two-way bus design. 


A mask option of the input resistors (R1, Re, Reo and Ra1) 
modifies the receiver characteristics to improve opera- 
tionin high common mode noise environments. This de- 
vice, known as the Am26LS33, has these resistors at 
twice the value of the Am26LS32. An input differential or 
common mode voltage range of +15 V is achieved at the 
expense of a minor decrease of input threshold sensitiv- 
ity, to +500 mV from +200 mV. 
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Data Out Data Out 
Three-State Enable 
Enable 
Data In Data In 
Three-State 
Enable 
15428-011A — 
Data Out . Data 
Three-State _ Three-State Three-State 
Enable Enable Enable 
Data Data Data 
Enable Enable Enable 
Am26LS30/32 Am26LS30/32 Am26LS30/32 
15428-012A 
Figure 10. Party Line Configuration 
Am26LS30/32 Am26LS30/32 Am26LS30/32 Am26LS30/32 
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Figure 11. Full Duplex Four-Wire Data Communication RS-422 Interface (with Data Modem) 





LINE TERMINATION TUTORIAL ~ 


Itis important in a digital communication system to have 
the minimum amount of noise generated by undesired 
reflections at the driver and receiver. There are numer- 
ous ways of matching to the line. The line can be 
matched at the driver, at the receiver or both, each 
method has advantages and disadvantages. Generally 
for any but the longest lines it is sufficient to match at one 
place, and only when there are discontinuities in the line, 
party line operation, or lack of reasonable match at the 
opposite end of the line is the extra hardware of match- 
ing at both ends justified. The majority of transmission 


lines have fairly low characteristic impedances (in the 
range of 50 to 200 ohms) and the currents involved for a 
reasonable voltage swing are quite large. Itis more diffi- 
cult to couple noise into this low impedance, but it is also 
more difficult to drive, and line drivers must have the 
ability to supply large currents. 


Various matching techniques that can be employed are 
shown in Figure 1. These impedance charts are useful 
in showing what happens to wave fronts traveling down 
a line, when the line delay is longer than the wave front 
transition. The DC input characteristic of the receiver, 
including any external components, is plotted onthe V-I 
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graph together with the output characteristic of the 
driver, including any external components used at the 
driving end. There are always quiescent points—points 
where the driver and receiver characteristics cross. 
These points represent the DC voltage/current condi- 
tions, which must eventually be satisfied. To determine 
the effect of switching from one quiescent point to the 
other, a line with a slope equal to the characteristic im- 
pedance of the transmission line is plotted, starting at 
the initial quiescent point and ending at the applicable 
output impedance characteristic. The point of intersec- 
tion gives the voltage and current at the output of the 
driver (and the input of the transmission line immedi- 
ately after the driver switched states). From this point a 
line having an equal but opposite slope is drawn to the 
input characteristic and, at the intersection shows the 
voltage/current conditions of the wave front at the input 
of the receiver. This procedure is repeated to the output 
characteristic and so on at each intersection of the char- 
acteristic, the voltage/current relationship for a particu- 
lar reflection is given. The resulting time/voltage rela- 
tionships for the traveling wavefront at the two ends of 
the transmission line are shown alongside. 


From the graphs several important features can be 
seen. If the line is not matched at either end consider- 
able transient voltage swings can occur. In fact if the in- 
put and output characteristics are at right angles to one 
another, the reflections continue for an infinite time if the 
line is assumed to have zero loss. Most lines have ex- 
tremely low losses, and, therefore, a very undesirable 
situation exists if the line is not matched at either end. 


cl AMD 


If the line is matched at the receiver, a voltage wave of 
constant amplitude travels down the line and is ab- 
sorbed at the termination. Note whether the line is termi- 
nated to ground or to the power supply the system con- 
sumes DC power, either in the HIGH logic level or inthe 
LOW logic level. In order to reduce the power dissipa- 
tion, a blocking capacitor can be used in series with the 
receiver termination. The capacitor can be chosen to 
look like a short Circuit to the voltage wavefront but stop 
DC (current) flow. Since the capacitor must be charged 
and discharged through the line, the data rate is re- 
duced, when this technique is employed. 


If the line is matched with a Series resistor at the driver, 
then the line input initially rises to one half the final volt- 
age. This wave front travels down the line and is re- 
flected at the receiver. When the reflection reaches the 
driver the voltage at the driver risesto its final amplitude. 
The receiver, however, sees on transition from the initial 
to the final amplitude. When the driver switches from 
HIGH to LOW a similar situation occurs, in which the in- 
put of the line delays later, the finalLOW condition. This 
back matching mode of operation consumes no DC 
power if the input impedance of the receiver is infinite. 
The advantage of the method is that if the input imped- 
ance of the receiver is high, very little power is dissi- 
pated and current only flows during the transition time, 
which is twice the line delay time. If back matching is 
used in a balanced system the terminating series resis- 
tance must be divided into two equal resistances with re- 
sistors inserted in series with each wire in order to main- 
tain a balanced system. 
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Figure 12. 
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CHAPTER 5 
Physical Dimensions* 


CD 016 16-Pin Ceramic DIP 
CD 040 40-Pin Ceramic DIP 

~CD3024 24-Pin Ceramic DIP 
CF 016 16-Pin Ceramic Flatpack 
CL 020 20-Pin Leadless Chip Carrier 
CL 044 44-Pin Leadless Chip Carrier 
PD 016 16-Pin Plastic DIP 
PD 040 40-Pin Plastic DIP 
PD 048 48-Pin Plastic DIP 
PL 044 44-Pin Plastic Leaded Chip Carrier 
PL 068 68-Pin Plastic Leaded Chip Carrier 
PL 084 84-Pin Plastic Leaded Chip Carrier 
SO 016 16-Pin Plastic Small Outline Package 
SO 024 24-Pin Plastic Small Outline Package 


* All Dimensions are measured in inches, unless otherwise noted. BSC is an ANSI standard for 
Basic Space Centering. 
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Am33C93A Qualification Information 
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The following qualification information summary has been included to aid the user with 
component evaluation and production release. 


DEVICE PROCESS/DIE INFORMATION 


“AOOANDOAIARWD = 


—_ —b 


—_— 
i) 


13. 


14. 
15. 
16. 


. Process Name: CS21 

. Process Technology: CMOS 

. Wafer Fabrication: Fab 15, Austin, Texas 
. Die Size: 209 x 183 mils 

. Last Overall Die Revision: “B” 

. Bond Pad Size: 125 um x 125 um 

. Substrate: N- epi over N+, P— well 

. Gate Oxide Thickness: 200 Angstroms 
. Number of Metal Layers: 2 

. Metal Thickness: 0.32 um/1.0 um 

. Content of Metalization: 


1st level — Ti/TIN-—0.5%Cu/AI-—MoSi 
2nd level — Al 


. Minimum Metal Line/Spacing Width: 


Metal 1 — 1.6 um width, 1.2 um spacing 

Metal 2 — 2.0 um width, 1.6 wm spacing 

Contact Dimensions (via’s): 

Contact 1- 1.2 um x 1.2 um 

Contact 2-1.4umx 1.4 um 

Passivation Material: 4% LTO/Nitride 

Passivation Thickness: 7000 Angstroms/12500 Angstroms 
ESD protection: > 2000 volts 


Assembly/Package Information 


1. 
ei 


Assembly Location: Korea, Malayasia, and Thailand 
Test Location: Malaysia or Santa Clara, California 


For PLCC/PDIP Packages: 


. Resin Identification: Epoxy Novolac 

. Package Compound: Sumitomo 6300H 

. Filler Content: Fused Silica 

. Thermal Conductivity: >13 x 10-4 calorie/em°C sec 
. Glass Transition Temperature: 155°C 

. Die Attach Material: Silver Filled Epoxy 

. Die Attach Material Vendor: Dexter Hysol 

. Wire Bond Metal: 1.25 mil gold wire 

. Wire Bond Method: Thermosonic 

. Lead Frame Material: Copper 

. Lead Frame Finish: Solder Dip (PDIP), Solder Plate (PLCC) 
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The following qualification information summary has been included to aid the user with 
component evaluation and production release. 


DEVICE PROCESS/DIE INFORMATION 


sa on 
-“=-OOONODOOAWND =A 


a 
Nh 


13. 


14. 
15, 
16; 


. Process Name: CS11S 

. Process Technology: CMOS 

. Wafer Fabrication: Fab 15, Austin, Texas 
. Die Size: 150 x 170 mils 

. Last Overall Die Revision: “B” 

. Bond Pad Size: 125 um x 125 um 

. Substrate: N- epi over N+, P— well 

. Gate Oxide Thickness: 200 Angstroms 
. Number of Metal Layers: 2 

. Metal Thickness: 0.32 :m/1.0 um. 

. Content of Metalization: 


1st level — Ti/TIN—0.5%Cu/AI-MoSi 
2nd level — Al 


. Minimum Meta! Line/Spacing Width: 


Metal 1 — 2.4 um width, 1.44 um spacing 

Metal 2 — 4.16 um width, 1.76 um spacing 

Contact Dimensions (via’s): 

Contact 1 - 1.28 um x 1.28 um 

Contact 2-1.6 umx 1.6 um 

Passivation Material: 4% LTO/Nitride 

Passivation Thickness: 7000 Angstroms / 8500 Angstroms 
ESD protection: > 2000 volts 


Assembly/Package Information 


1. 
2; 


Assembly Location: Korea, Malayasia, and Thailand 
Test Location: Malaysia or Santa Clara, California 


_ For PLCC/PDIP Packages: 


3. 


Resin Identification: Epoxy Novolac 


4. Package Compound: Sumitomo 6300H 


OOND WM 


. Filler Content: Fused Silica 

. Thermal Conductivity: >13 x 1074 calorie/em°C sec 
. Glass Transition Temperature: 155°C 

. Die Attach Material: Silver Filled Epoxy 

. Die Attach Material Vendor: Dexter Hysol 

10. 
11. 
12. 
13. 


Wire Bond-Metal: 1.25 mil gold wire 

Wire Bond Method: Thermosonic 

Lead Frame Material: Copper 

Lead Frame Finish: Solder Dip (PDIP), Solder Plate (PLCC) 
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Am85C30 Qualification Information 
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. Process Name: CS21S 

. Process Technology: CMOS 

. Wafer Fabrication: Fab 15, Austin, Texas 
. Production Date: December, 1991 

. Die Size: 152 X 208 mils 

. Die Thickness: 20 mils 

. Last Overall Die Revision: “B” 

. Gate Length: 0.8 um 

. Number of Metal Layers: 2 

. Die Passivation 1/2: LTO/Nitride 

. Die Coating: None 

. Die Junction Temperature (Tjmax): 77°C for commercial product 
. Fab Flow: Well Definition 


Source/Drain Definition 
VT Implants 

Poly Deposition 
Contact 1 

Metal 1 

Planarization 

Contact 2 

Metal 2 

Topside 


Statistical process control (SPC) is utilized at all fabrication steps. SPC is computer- 
based and is controlled by manufacturing. 


All additional information on wafer fabrication is AMD proprietary. 
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Process Summary for Am85C30 


CKAGE DATA 
PLCC/PDIP Packages: 


. Assembly Location: Penang, Manila or Bangkok 

. Test Location: Singapore or Sunnyvale, California 
. Package Compound: Sumitomo 6300H 

. Glass Transition Temperature: 150°C 

. Die Attach Material: Silver Epoxy 

. Die Attach Material Vendor: Kyocera 

. Wire Bond Metal: 1.25 mil gold wire 

. Wire Bond Method: Thermosonic gold ball wirebond 
. Lead Frame Material: Copper Alloy 

. Lead Frame Finish: Solder Plate 

. Theta ja (Oja): 43°C/Watt for PDip package 


41°C/Watt for PLCC package 


Ceramic/LCC Packages: 


1. 


“AO OAN DOA WN 


—_— > 


Stat 


Assembly Location: Penang, Manilla or Bangkok 


. Test Location: Singapore or Sunnyvale, California 
. Sealing Glass Material: (CDip only) LS0113 

. Glass Transition Temperature: (CDip only) 150°C 
. Die Attach Material: Silver Glass 

. Die Attach Material Vendor: Kyocera 

. Wire Bond Metal: Aluminum 

. Wire Bond Method: Ultrasonic 

. Lead Frame Material: (CDip only) Alloy 42 

. Lead Frame Finish: (CDip only) Matte Tin Plate 

. Theta ja (Oja): 30°C/Watt for CDip package 


42°C/Watt for LCC package 
istical process control (SPC) is utilized at all fabrication steps. SPC is computer- 


based and is controlled by manufacturing. 
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Am85C80 Qualification Information 


The following qualification information summary has been included to aid the user with 
component evaluation and production release. 


DEVICE PROCESS/DIE INFORMATION 


“AOOANDALRWND — 


—_ ok 


_ 
i) 


13. 


14. 
15. 
16. 


. Process Name: CS21 

. Process Technology: CMOS 

. Wafer Fabrication: Fab 15, Austin, Texas 
. Die Size: 213 x 258 mils 

. Last Overall Die Revision: “B” 

. Bond Pad Size: 125 um x 125 um 

. Substrate: N—- epi over N+, P— well 

. Gate Oxide Thickness: 200 Angstroms 
. Number of Metal Layers: 2 

. Metal Thickness: 0.32 m/1.0 pm 

. Content of Metalization: 


1st level — Ti/TIN—0.5%Cu/AI-MoSi 
2nd level — Al 


. Minimum Metal Line/Spacing Width: 


Metal 1 — 1.6 1m width, 1.2 um spacing 

Metal 2 — 2.0 um width, 1.6 um spacing 

Contact Dimensions (via’s): 

Contact 1 — 1.2 pm x 1.2 um 

Contact 2- 1.4 umx 1.4m 

Passivation Material: 4% LTO/Nitride 

Passivation Thickness: 7000 Angstroms/12500 Angstroms 
ESD protection: > 2000 volts 


Assembly/Package Information 


i 
2. 


Assembly Location: Korea, Malayasia, and Thailand 
Test Location: Malaysia or Santa Clara, California 


For PLCC Package: 


. Resin Identification: Epoxy Novolac 

. Package Compound: Sumitomo 6300H 

. Filler Content: Fused Silica 

. Thermal Conductivity: >13 x 10-4 calorie/cm°C sec 
. Glass Transition Temperature: 155°C 

. Die Attach Material: Silver Filled Epoxy 

. Die Attach Material Vendor: Dexter Hysol 
. Wire Bond Metal: 1.25 mil gold wire 

. Wire Bond Method: Thermosonic 

. Lead Frame Material: Copper 

. Lead Frame Finish: Solder Plate 
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